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I Abstract 
Abstract 
The Kingdom of Saudi Arabia (KSA) is not an exception in relying on the advancement of its 
construction industry to support rapid population growth. However, its need for infrastructure 
development is constrained by low productivity levels and cost overruns caused by factors 
such as delays in completing projects. Delays in construction projects are a global issue, and 
while theories such as Optimism Bias can explain some aspects of delays, in KSA, client-
related causes of delays are very endemic in public sector projects. These have negative 
consequences on national development as well as public trust and expectations. Although 
several studies on delays in construction projects have been carried out globally, these 
problems have not been comprehensively tackled due to limitations in existing project 
management techniques. Therefore, to address this research gap, the aim of this study is to 
examine a new approach to reducing and managing delays in construction projects through 
Building Information Modelling (BIM), especially with regards to eliminating optimism bias 
and reducing the cost consequences that such delays have on Saudi public-sector projects.  
To achieve this aim, a qualitative approach has been adopted for data collection using multiple 
case studies to investigate how BIM would help the analysis and management of delays in 
specific kinds of projects. Three public sector organisations in KSA were selected for 
collecting case study data, including: Ministry of Education (MOE); Ministry of Health 
(MOH); and Ministry of Municipality and Rural Affairs (MOMRA). The case studies 
comprising of 37 recently completed projects drawn from these ministries, have all 
experienced delays and cost overruns and served as the basis of archival analysis. In addition, 
semi-structured interviews were conducted with 18 experts (i.e. clients, contractors, and 
consultants) who were involved in these public-sector projects in order to obtain their 
reflections and current perceptions about using BIM for delay management. Six Propositions 
were established to help guide the research and its outcomes. These Propositions led to 
findings that demonstrate the advantage which BIM has over traditional methods of delay 
management in construction projects.  
Based on the objectives of this study, five critical delay factors directly linked to Saudi public-
sector client (i.e. government) were identified as candidates that can directly benefit from 
BIM’s capabilities. These delay factors are: Ineffective planning and scheduling of the project; 
Changes during construction by the client; Delay in progress payment; Slowness in decision 
making by the client; and Poor communication between clients and other stakeholders. These 
  
 
II Abstract 
delay factors were then ranked and ordered according to the level of difficulty and their impact 
on the timely completion of the project before each one of them was mapped with potential 
BIM solution(s). Among the key findings that emerged, the lack of knowledge, qualification 
and experience in BIM by individuals managing projects was found to be an important factor 
of construction delay in KSA. The use of such unqualified professionals (as well as the 
compromised quality of work) further aggravate the five types of delays identified in this 
study. Moreover, lack of qualification, knowledge or capability of the individuals inevitably 
leads to poor communication, which in turn is the primary cause of inadequate planning and 
scheduling. These eventually slow the decision-making process for variations in design or 
change orders. The study suggested that these issues could have been managed better using 
cloud-based collaboration platforms which have the capacity to manage Request for 
Information (RFIs) and Change Orders by the clients. 
The study also reveals that BIM has the potential to eliminate optimism bias (which leads to 
underestimating of the cost or duration of the project) due to the accuracy of estimated 
quantities, advanced coordination of building systems and the visualisation of complex 
construction activities. The interviews data suggest that adoption of 4D and 5D BIM in KSA 
could solve over 90% of the delay problems at the design stage as well as over 70% of the 
cost and time estimation problems in the construction stage. Based on the six Propositions 
established, a critical discussion on BIM adoption in public sector construction projects led 
to new knowledge on the measurable benefits of BIM against the associated client-related 
causes of delays. Finally, this study proposed a number of recommendations for: 
policymakers and decision making; public sector clients; the construction sector; delay 
management education and research; as well as project management practitioners.  
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1 Introduction 
Chapter 1 Introduction 
1.1. Background of the Research 
The most significant public construction sector within the Gulf Cooperation Council (GCC) 
countries is that of the Kingdom of Saudi Arabia (KSA) (Deloitte, 2014 and 2017). KSA 
market recorded a Compound Annual Growth Rate (CAGR) of 10.06% from 2009 to 2013 
(Deloitte, 2014), but the Saudi Arabia construction industry productivity is expected to reach 
through the period 2018-2022 forecasted CAGR of 10.4% with a value of US$ 7,755.7 billion 
in 2018 reaching to US$ 11,515.4 billion in 2022 (ReportLinker, 2018). According to Saudi 
Vision 2030, the kingdom of Saudi Arabia has planned to minimise the dependence on oil as 
revenue source and diversity in sources of economy. Moreover, the vision focused on 
developing the public sector such as education, health, infrastructure, leisure and tourism. The 
construction of critical infrastructure projects is one of the key future growth ambitions of the 
Saudi Vision 2030 (Tobergte and Curtis, 2016). As a result of a growing population, there is 
a need for more housing and enhanced national infrastructure, e.g. transportation networks. 
Development in investment sectors and tourism in the residential and infrastructure sectors 
are supporting the industry's expansion shortly. The Saudi government focuses on 
diversifying the country's economy, which will support the national construction sector 
(Tobergte and Curtis, 2016). Numerous projects have been constructed, e.g. King Abdullah 
stadium and King Khaled International Airport, Terminal 5, Riyadh 2012-2015 and some 
US$ 817 billion value of projects are under construction, e.g. the King Abdullah Economic 
City, Riyadh Metro, which costs US$ 70.31 billion and King Abdullah Petroleum Studies and 
Research Centre (Construction in Saudi Arabia report, 2017). Such projects underscore the 
importance of public sector funding in the Saudi construction industry. 
Building construction projects have led to significant economic and social benefits for the 
government, contractors and the society as a whole in KSA. However, delays that prevail in 
those projects are substantial and pose considerable challenges to their implementation. The 
delay is described as the “time overrun either beyond completion date specified in a contract 
or beyond the date that parties agree upon for delivery of a project” (Assaf and Al-Hejji, 2006). 
The delay is a significant problem confronting KSA’s public sector construction projects. A 
study conducted by Assaf and Al-Hejji (2006), stated that about 70% of public projects were 
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delayed in KSA. Furthermore, according to a recent Deloitte’s report 2014, the total value of 
delayed building construction projects in KSA as of July 2014 stood at US$146 billion, 
causing pressures on the developmental drive of the oil-rich country. With the growing cases 
of delays occurring in publicly owned construction projects in KSA, there is a need for a 
further and significant investigation of this phenomenon. 
Over the years, studies have been published on factors contributing to delays in KSA 
construction projects (AlKharashi and Skitmore, 2009; Assaf and Al-Hejji, 2006; Falqi, 2004; 
Al-Khalil and Al-Ghafly, 1999; Zain Al-abidien, 1983). Yet, they have not offered empirical 
theories or evidence on how this syndrome can be managed (Kim, Soibelman and Grobler, 
2008). However, in the context of managing delays in the construction projects which is the 
focus of this study, various scholars (Eastman et al., 2011; Turk et al., 2014; Du et al., 2018) 
have highlighted inefficiencies resulting from manual paper-based processes as one of the 
critical reason causing project delays. Traditional project management processes are 
enormous paper-based including an accurate record of measurements, data entry, quantity 
take-offs, project scheduling, monitoring and cost control and management of contract 
documentation. Such manual tasks are error prone and could lead to project delays (Azhar, 
Nadeem, Mok, Leung, et al., 2008). Similar concerns are discussed by other authors such as 
Ashworth, (2010), who highlighted that various site-based activities such as site meetings, 
works inspections, record keeping and monitoring are done using paper-based processes. It is 
emphasised that how work and time pressures could lead to a compromise in quality, leading 
to potential delays. Another important reason for the faltering and/or delay of construction 
projects is known as “optimism bias” which occurs due to underestimating or overestimating 
the duration and costs of the construction project. Inaccurate estimations of construction 
projects lead to cost overruns and time delays, as the actual cost exceeds the expected cost 
and the construction also takes longer than planned time. According to several studies like 
(Kahneman (1979, 2003) and Kahneman and Lovallo 1993; Flyvbjerg et al. 2003), large 
infrastructure projects have been associated with higher likelihoods of cost overruns and 
delays. The projects’ tendencies to overruns have been described as project optimism bias. 
These studies recommended that optimism bias should be minimised in project estimates to 
deliver the projects on time. Therefore, there is an opportunity for an advanced technology-
based project management technique, which can ensure the delivery of KSA’s public 
construction projects on time within the allocated budget. 
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The construction industry over the world has attained great innovation within project 
management during the previous three decades, by means of using Information Technology 
(IT) (Fischer and John, 2004; Liu, van Nederveen and Hertogh, 2017, Du et al., 2018). The 
newest and most promising of such advancements to be noted is Building Information 
Modelling (BIM) (Eastman et al., 2011). This modelling process has much functionality such 
as; 3D which is assists in projecting the visual design by a graphic illustration of the building 
systems and components; 4D which can generate the construction schedule and sequence; 5D 
used for cost information and estimation; as well as 6D which is used for as-built facility 
management. There are several viewpoints of BIM; and one view is that BIM can be described 
as a computer model that is developed to illustrate the project’s life-cycle from start to finish 
(Grilo and Jardim-Goncalves, 2010; Alreshidi et al. 2017). BIM is described by others like 
Babič, Podbreznik and Rebolj (2010) and Du et al., (2018) as a process which assists 
construction projects by enhancing efficiency and assisting in achieving projected objectives 
on time. BIM may, therefore, be implemented to obtain quicker design and construction 
resulting from the digital representation and management of building information over its 
whole life-cycle (Azhar, Hein and Sketo, 2008). BIM is hence the process and practice of 
virtual design and construction throughout a building’s life-cycle. It is a vehicle for sharing 
knowledge and enables communication among project stakeholders. It provides a significant 
platform for exchanging information digitally rather than paper-based exchanges.  
Despite all of the BIM advantages that have been highlighted above, there is still a lack of 
research on delay management using BIM to mitigate the cost consequences of projects delay. 
Especially with regards to eliminating optimism bias and reducing the cost consequences that 
such delays have on Saudi public-sector projects. Therefore, there is a need for research in 
this field, specifically in determining which aspects could be transferred to the KSA 
construction industry, which continues to endure delays. 
1.2.   Statement of Problem and Research Justification  
Diversification of the Saudi economy is crucial to Saudi Vision 2030, but this relies on the 
construction of critical infrastructure (Tobergte and Curtis, 2016), among which are 
construction projects valued at US$146 billion as of July 2014 (Deloitte, 2014). These projects 
often suffer from delays (AlKharashi and Skitmore, 2009; Assaf and Al-Hejji, 2006; Falqi, 
2004; Al-Khalil and Al-Ghafly, 1999) and this issue has become a significant concern with 
adverse effects on the country’s economy. According to Falqi (2004) “The negative effects of 
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the delays are reflected in the cost of developments, the revenue from projects and the quality 
of those projects”. The quality of the work may also affect from the delay because trying to 
push the project activities forward to finish on time can lead to quality being neglected.  
As mentioned in the background of the study the Saudi Arabian government needs to 
accomplish many projects as part of its national development plans. However, only a few 
projects are accomplished on time and within the allocated budgeted (AlKharashi and 
Skitmore, 2009; EMAM et al., 2015). These delays are creating a very negative image of the 
construction industry throughout the world, and they impede the overall growth of the country 
(Callahan and Bramble, 2003). Although several studies are describing the issues of delays in 
construction projects worldwide, however, these studies have not managed those problems 
efficiently using the existing techniques. Therefore, to address this research gap, this study 
attempts to use a new approach to manage and reduce delays in construction projects through 
BIM, to reduce the cost consequences of project delay using KSA as a case study. 
1.3. Research questions 
Main Q: How BIM (process and technology) could be applied to analyse and manage delays 
in public sector construction projects of KSA? 
Sub Q1: What are the main factors affecting time delays in the public-sector projects of KSA 
from a client perspective? 
Sub Q2: What is the frequency and severity of the delay factors related to the clients in 
construction projects without BIM in KSA? 
Sub Q3: Describe the main cost implications of delays triggered by clients in KSA public 
sector construction projects?   
1.4.  Aim and Objectives of the Study 
This study is aimed at investigating the management and reduction of client-related delays in 
public sector construction projects through Building Information Modelling (BIM), especially 
with regards to eliminating optimism bias and reducing the cost consequences that such delays 
have on Saudi public-sector projects. To achieve this aim, the following objectives outlined: 
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1- To explore the essential benefits of BIM (technology and process) for the analysis and 
management of delays in public sector construction projects of KSA. 
2- To investigate the main causes of delays related to the clients in public sector 
construction projects of KSA and use BIM process to manage them. 
3- To identify the cost related consequences due to client-related delay and how using 
BIM can help avoid such cost overruns. 
4- To develop recommendations to key stakeholders on using BIM to mitigate delays 
factors related to the clients in KSA construction projects public sector. 
Table 1 shows a summary of research objectives mapped to each research questions and 
methods employed in this study. 
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Table 1: Presents the summary of research Objectives, Research Questions, and research Methodology employed in this research. 
NO Research Questions Objectives Propositions 
Research 
methods 
1 
Main Q: How BIM (process 
and technology) could be 
applied to analyse and manage 
delays in public sector 
construction projects of KSA? 
To explore the essential benefits of BIM 
(technology and process) for the analysis and 
management of delays in public sector 
construction projects of KSA. 
1- Using BIM in public sector construction projects 
would help to the analysis and management of 
delays in construction projects. 
 
2- Using BIM will help to manage delays while 
reducing the errors of scheduling and estimating 
the time and cost associated with projects. 
 
3- BIM in construction projects can help manage 
delays while advancing the current practice of cost 
estimation and resolving the issues of cost overruns 
that are linked to inaccurate scheduling and 
planning. 
 
4- BIM in construction projects improves the 
visualisation of data and construction process that 
can help to mitigate the delay in progress payments 
and slowness in decision-making by the client. 
 
5- Adopting BIM in construction projects can help 
to manage delays while advancing communication 
and coordination between client and other 
stakeholders. 
 
6- BIM in construction projects provides more 
accurate scheduling that can help to mitigate 
underestimate of time and cost (Optimism Bias) in 
the public construction sector. 
 
➢ Literature 
review  
➢ Case study  
- Archival 
analysis 
- Interviews 
2 
Sub Q1: What are the main 
factors affecting time delays in 
the public-sector projects of 
KSA from a client 
perspective? 
Sub Q2: What is the frequency 
and severity of the delay 
factors related to the clients in 
construction projects without 
BIM in KSA? 
To investigate the main causes of delays related to 
the client in public sector construction projects of 
KSA to use BIM process to manage them. 
➢ Literature 
review  
➢ Case study 
- Archival 
analysis 
- Interviews 
3 
Sub Q3: Describe the main 
cost implications of delays 
triggered by clients in KSA 
public sector construction 
projects?   
To identify the cost related consequences due to 
client-related delay and how using BIM can help 
avoid such cost overruns. 
➢ Literature 
review  
➢ Case study 
- Archival 
analysis 
- Interviews 
4 
 
To develop recommendations to key stakeholders 
on using BIM to mitigate delays factors related to 
the clients in KSA construction projects public 
sector. 
➢ Literature 
review  
➢ Case study 
- Archival 
analysis 
- Interviews 
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1.5. Benefits and Beneficiaries of Research 
• This study would contribute to raising substantive awareness in terms of use of BIM 
4D and 5D while exploring cross-disciplinary context into mitigating or managing the 
delays in KSA construction project. Nevertheless, not just in the construction sector, 
this study may penetrate BIM and construction project management communities to 
rethink the importance of BIM. 
• This study fills the gap in the literature of delays in construction projects while 
developing a new literature of factors of client related delays, optimism bias in projects 
and establish how adopting BIM 4D and 5D can help to mitigate those delays in 
construction projects. Moreover, will be one of the first research projects focusing 
specifically on KSA context.  
• Also, this study significantly contributes to the literature delay management, 
communication and skill management within the construction projects. It also brings 
a novel understanding of critical delay factors and the relationship between those 
factors. Furthermore, this research establishes the ranking of those delay factors that 
brings the potential for identifying the most critical delay factor require managing in 
the KSA construction projects. 
• This research will be contributing to improving the communication process in the 
context of its contribution to a construction project while enhancing the skills of 
individuals who work on the project. 
• This study may also influence other closely related industries in which BIM can be 
utilised as a project management tool for efficient planning and scheduling and 
managing delays. 
• In the public-sector construction of KSA, it could contribute to remodelling existing 
regulations and encourage the decision maker about adopting 4D and 5D BIM, that 
can facilitate project efficiency and collaboration and coordination between the clients, 
consultants and contractors that ensure the reduction of optimism bias, cost and 
duration while bringing efficiency to project planning and scheduling.  
1.6. Research Scope and the Research Methods Outline  
This study was undertaken within the context of KSA public sector construction projects, 
which is composed of numerous clients/owners with various experiences, types of 
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thinking, processes, and backgrounds, in addition to having a range of opinions. The 
knowledge is developed jointly through the collaboration among the researchers and the 
participants, through the multi-realities which originate from observations and perceptions, 
leading to a shared opinion. Because of that, this study adopted a qualitative research 
philosophy through the adoption of constructivism as the ontological position and 
interpretivism as the epistemological position. 
Figure 1 below presents outline the research methods. Four stages have been adopted to 
obtain the data in order to achieve the research aim and objectives. The data collection 
obtained from secondary and primary sources. The first stage is problem identification 
using secondary data from; literature review conducted, review of project delay 
documentation within KSA, author's previous experience of the MOE major project and 
informed discussion with experts. The second stage is developed theoretical Propositions 
managing delays using BIM. Those Propositions allow gathering qualitative data from 
public sector organisations in KSA such as MOE, MOH and MOMRA, using interviews 
and archive documents as presented in the third stage. Multiple case studies have been 
chosen to conduct the cross-case analysis through archive data that gives an opportunity 
for interviews analysis. The final stage based on the results of the data collected 
recommendation and conclusion has been developed.
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Figure 1: Actual Research processes
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1.7. Guide to the Thesis 
Chapter1: Introduction
Chapter 3: Building 
Information Modelling (BIM)
Chapter 2: Delay as a Risk in 
Construction Projects
Chapter 4:  BIM for Delay 
Management in Construction
Chapter 5: Research 
Methodology
Chapter 6: Data Analysis 
Tools and Techniques
Chapter 8: Interviews 
Analysis
Chapter7 : Documentations 
(Archival Analysis) 
Chapter9: Results and 
Discussion
Chapter 10 Conclusions and 
Recommendations
 
Figure 2: Thesis Layout 
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This thesis contains ten Chapters; each Chapter begins with an introduction that outlining the 
main scope and the aim of the Chapter. 
▪ Chapter 1 Introduction 
The Chapter presents the research motivation. It starts with a brief background about the KSA 
economic and the construction, explains the main problem facing the completion of the 
construction projects, the importance of BIM and the increasing demand for its benefits. This 
is followed by the statement of problem and research justification. Then, the research aim and 
objectives of the study. Finally, the research scope and the research method outline. 
▪ Chapter 2 Delay as a Risk in Construction Projects 
This Chapter presents the existing literature review about the delay in the construction 
industry. It starts with an overview of risk management in construction. Then, the delay as a 
type of project risk, the definition of delay in construction projects. Also, the concept of 
optimism bias and its role in project delivery has been discussed. Moreover, this study 
explained the main types of delays in the construction industry and highlighted the current 
common delay analysis methods and techniques used in the construction industry. Finally, the 
previous research studies in construction delay globally and the Saudi context have been 
covered in order to identify the main delay factors in the construction industry. 
▪  Chapter 3 Building Information Modelling (BIM) 
The Chapter presents the current literature review about BIM within Architecture, 
Engineering and Construction (AEC) Industry It starts with a brief background of BIM and 
its definition. This is followed by, the development of BIM as technology and Process. Then, 
application, adoption and implementation as well as the current status of BIM in the AEC 
Industry. Moreover, this Chapter highlighted the benefits of adopting BIM within construction 
projects. Also, this chapter discussed the emerging opportunities that could advance BIM such 
as using Big data and analytics and machine learning. Finally, the main challenges in using 
BIM has been discussed. 
▪ Chapter 4 BIM for Delay Management in Construction Projects 
This Chapter presents a focused discussion on the role of BIM in managing construction 
delays. It deals specifically with the role of BIM technologies and processes in the 
management of construction delays. In particular, it focuses on various features of BIM 
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technologies and processes, including the use of BIM for scheduling, constructability options, 
and for drawing coordination and how it could help to address various communication and 
coordination factors causing delays. The main critical factors contributing to construction 
delays in KSA across different studies have been identified. Consequently, this study 
identified five Critical Delay Factors (CDF) that can be managed through BIM. Subsequently, 
the CDF and the different potential ways of managing them have been developed. 
▪ Chapter 5 Research Methodology 
This Chapter provides a summary of the research philosophy and approach, the data collection 
methods and tools. This Chapter is structured with an initial outline of the philosophical stance 
that has influenced the research, followed by a description of the research design and approach. 
To conclude, data collection and analysis techniques are presented. 
▪ Chapter 6 Data Analysis Tools and Techniques 
This Chapter continues while acquiring the philosophical perspective that is discussed in 
Chapter 5 and follows the research design and approach. This Chapter also discusses the data 
collection and data analysis tools and techniques in further details such as the type of 
generalisation, study Propositions, demographics, sampling strategy, Unit-of-Analysis for 
interviews and documentation data, its instruments, demography and data analysis tools and 
techniques. 
▪ Chapter 7 Documentations (Archival Analysis) 
This Chapter focuses on the document analysis of data gathered from the three case studies 
such as Ministry of Health (MOH), Document Analysis Ministry of Education (MOE), 
Document Analysis Ministry of Municipal and Rural Affair (MOMRA). The goal of this 
Chapter is to identify and rank the types of delays and to investigate the relationship between 
the types of delay and the increase in the cost and duration of the completed projects. Finally, 
the outcomes are generalised for each case study with further generalisations being extended 
in the cross-case analysis. 
▪ Chapter 8 Interviews Analysis 
This Chapter focus on the interviews analysis of the data collected through interviews. This 
Chapter is consequently divided into four sections. Each section discusses the outcome of 
interviews data through analysing the content. It starts with an overview of the data analysis 
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process. Followed by the interview questionnaire design, then, the participants’ information. 
The second section investigated the factors of delays in public sector construction projects. 
and the ranking of five client-related factors. Section three is set to measure the six 
Propositions discussed. The final section presents the reasons behind the optimism bias in 
those specific projects discussed in case studies and the potential of using BIM in the 
construction projects to overcome this issue. 
▪ Chapter 9 Results and Discussion 
This Chapter focus on the overall results of this study. The results and the main findings 
related to the ranking of delays and the Propositions of this study is critically discussed in this 
Chapter.  The findings from the literature review, document analysis and interviews analysis 
are discussed for comparative analysis to identify the similarities and differences of results. 
The results from this Chapter are taken to conclude the main findings of this study. 
▪ Chapter 10 Conclusions and Recommendations 
The Chapter presents how the aim and the objectives have been achieved. It has divided into 
four sections; introduction, ranking of factors of delay, Propositions of the study, original 
contributions of this study and recommendation. 
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Chapter 2 Delay as a Risk in Construction Projects 
2.1.  Introduction 
This Chapter focus on the delay as a type of risk in the construction industry. This study is 
more related to the specific risks associated with delays in delivering construction projects 
promptly, as well as the effect of delay on the cost of the projects. Also, the concept of 
optimism bias and its role in project delivery has been discussed. Moreover, this study 
explained the main types of delays in the construction industry and highlighted the current 
common delay analysis methods and techniques used. Finally, the previous research studies 
in construction delay globally and the Saudi context have been covered in order to identify 
the main delay factors in the construction industry. 
2.2.  Overview of Risk Management in Construction 
Rose and Hillson (2004) described a project as a unique and transitory effort, which 
commences changes to form a product, or facility, which addresses specific objectives 
employing different resources in set limitations. The resources included are material as well 
as human ones. Human resources for construction projects are not restricted to the design 
team, contractors, subcontractors, estimators, consulting engineers and other stakeholders. 
The presence of multiple interests in the execution of projects often leads to complications. 
Generally, no project is free of risks. Alberto (2011) described risk as a combination of the 
likelihood of an event occurring and the magnitude of the impact incurred. Based on this 
description of risk, two fundamental elements exist the occurrence of incidence and the extent 
of its effect. El-Sayegh (2008) suggested that construction projects are susceptible to more 
inherent risks due to the conflicting interest of the parties which include owners, suppliers, 
contractors, sub-contractors and designers. Although eliminating risk in construction projects 
is not possible, successful projects are those that manage risk efficiently (Zou, Zhang and 
Wang, 2007). The concept of risk is associated with uncertainties, and this is often due to an 
inadequate supply of data and information. It is argued that necessary hoarding information 
on construction projects result in misrepresentation and interpretation; this, in turn, restricts 
the flow of information (Elvin, 2007). Consequently, litigations and failures in construction 
projects are mostly due to the mistrust and miscommunication created by self-sustaining 
information. Preventing or minimising uncertainties requires multi-disciplinary techniques 
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for defining the design and construction of activities, as well as dependencies among the 
methods used in the projects (Elvin, 2007). 
Conventionally, factors that influence risks in construction projects originate from socio-
economic elements such as the environment, public safety, the economy, relationships among 
organisations, stakeholders’ views and perceptions, as well as technological challenges. 
El-Sayegh (2008) stated that risks in projects are split into two groups, relative to their origin; 
these include external and internal risks, as illustrated in Figure 3. The external risks comprise 
those which are beyond the control of the project management, while internal risks are those 
which are associated with the projects; these are often classified under management control. 
The internal risks are further split into sub-groups as sources of risk and include designers, 
contractors and owners. This study is more related to the specific risks associated with delays 
in delivering construction projects promptly, as well as the effect of delay on the cost of the 
projects. 
 
Internal Risks
Project Risks
Owner Designers Contractors
Sub-
Contractors
Suppliers
External Risks
Political
Social & 
Cultural 
Economic Natural Others
Delayed 
payment  to 
cotractors  
Unreasonably 
Imposed Tight 
Schedule 
Improper 
intervention 
Lack of Scope 
Definit ion 
Delay in 
Obtaining Site 
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Breach of 
Contract  
Sudden 
Bankruptcy 
Defective 
Design 
Deficiency in 
Drawings
Changes  in 
Design
Documents 
not Issued 
on Time
Construction 
Accidents
Poor Qualirt
Low 
Productivity
Technical  
Problems
Contractors 
Incompetence
Lack of 
Departure of 
Quakified Staff
Poor 
Performance 
Breach of 
Contract
Material 
Quality 
Problems 
Delay of 
Material 
Supply
War Threats
Labour Strikes
Changes  in 
Laws
Corruption & 
Bribes
Delay in 
Approvals
Criminal Acts
Subs tance 
Abuse 
Conflicts Due 
to Differences  
in Culture
Infi lat ion
Currency 
Fluctuation
Shortage in 
Material 
Available 
Shortage in 
Manpower 
Available
Shortage in 
Equipment 
Available 
Unexpected 
Inclement 
Weather
Unforeseen Site 
Condition
Delay in 
Resolving 
Contractual Issues 
Delay in 
Resolving 
Litigation
Unfairness in 
Tendering 
Local 
Protectionism
Difficulty in 
Claiming 
Insurance 
 
Figure 3: Breakdown Structure of Risk (Sources: El-Sayegh, 2008) 
2.2.1.  Delay As a Type of Project Risk 
Construction projects are distinctive and are viewed as inherently risky because of the 
involvement of several parties, each with individual concerns. Risks in the construction 
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industry vary in nature and have the potential to have undesirable consequences (Hossen, 
Kang and Kim, 2015). Therefore, systematic and practical risk control measures are required 
to control and address risks if the execution of the project is to be successful. The indicators 
of success in construction projects are quantified by time, cost and quality, which illustrate 
the performance of the construction parties concerned (AlKharashi and Skitmore, 2009). The 
parties involved strive to deliver construction projects on time without compromising on 
quality (Chan and Chan, 2004). Uncertainties exist inherently at various stages of construction 
projects. Of the three indicators mentioned above, time for the completion of projects 
ultimately plays a crucial role. However, other performance indicators can also efficiently 
measure the success of a project cycle. 
A delay in the schedule is often described as a scenario whereby there is an overrun of time, 
especially in the completion of a specified contract beyond an agreed date. This is perceived 
as a common challenge in all construction projects (Assaf and Al-Hejji, 2006). Delays in 
schedules can lead to loss of income for the utility, raise costs for the contractor due to the 
extended work period, and result in extra cost for materials and labour. Therefore, to execute 
any project successfully, appropriate recognition and evaluation of the factors which influence 
delays are worth considering. In addition to these factors, weather conditions, increases in 
inflation, frequent changes in designs by clients, and changes in government regulations are 
other causes of delays in construction projects, especially in Saudi Arabia (Ali, Al-Sulaihi and 
Al-Gahtani, 2012). Against these backdrops, BIM, as a technologically driven solution, is a 
tool developed recently. This can be used to manage client changes to the design and inflation-
related delays by forecasting design changes and predicting inflation. 
2.3.  The Concept of Delay in Construction Projects 
Anyone of the factors discussed above which prevents a contractor from meeting a project 
deadline is regarded as a construction delay. According to Aibinu and Odeyinka (2006), 
delays are characteristic of the construction industry, and almost all construction industries in 
the world are prone to them. This indicates that delays in construction projects are common, 
but such delays will increase project costs since a delay will result in an interest charge on the 
construction loan. Along with the overall expense of the project, the cost of labour will also 
increase as labourers are hired on either a per day allowance or a monthly fixed salary; there 
is also the ongoing inflation of material costs to consider. 
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According to AlKharashi and Skitmore, (2009) delays can occur for some reasons, but the 
Major types of delay are critical or non-critical, and excusable and non-excusable. These are 
discussed in detail in Section 2.8 below. However, according to Toor and Ogunlana (2008), 
although the concept of delay is prevalent, it results in significant penalties and hinders the 
processes concerned with a project’s execution. The financial penalty for failing to meet 
project deadline reduces the amount of profit that the construction company has estimated. 
Moreover, along with the cost, delays may also hinder the contractor in maintaining quality 
because delays in such projects are incredibly stressful for employers. As increasing pressure 
is put on managers or the contractor, labourers are often overburdened with an unmanageable 
amount of work, making it increasingly difficult to work quickly and maintain the quality of 
the project (Ellis and Thomas, 2002). 
According to Falqi (2004), time is money so, ultimately, delays in projects are seen, not just 
regarding time lost, but they also equate to a loss of money and quality. This includes lost 
capital and revenue, an increase in market risk, an increase in material costs, along with 
overall inefficiency and production delays. On the other hand, if a project is completed on 
time, then it will benefit the industry in the form of profit, market growth, customers’ trust, 
and increasing employee confidence (Assaf and Al-Hejji, 2006). 
As previously mentioned, project success for all interested parties is measured by three 
interrelated factors, which are inextricably linked with the success of the relationship and 
communication between the construction parties involved, mainly the owner and the 
contractor. It can be argued that all parties have the same goal: to complete projects by a 
specified time, achieve optimal standards, and work economically to achieve the desired 
outcome (Assaf and Al-Hejji, 2006). From a stakeholder’s perspective, the profitability of a 
construction project is directly underpinned by the duration and performance of the contract. 
For project owners, profits or benefits that are lost come from being unable to make use of 
the project at the agreed date while the contractor is hit with surcharges as a result of a 
prolonged stay on site (Sambasivan and Soon, 2007). Another important reason for the 
faltering and/or delay of construction projects is known as “optimism bias” which occurs due 
to underestimating or overestimating the duration and costs of the construction project. This 
concept is discussed in more detail below.
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2.4.  The Concept of Optimism Bias and Its Role in Project Delivery 
2.4.1.  Optimism Bias in Psychology 
One indication of cognition is the capability to anticipate what will occur in the future. This 
is a critical skill in decision-making as it allows an individual to prepare an action, thus 
avoiding harm or gaining a reward. Since such future projections are essential, sometimes 
vitally so, it might be expected that humans have a clear, accurate and unbiased sense of 
foresight. However, this is not so as human beings often exhibit surprising bias when 
predicting what might happen to them in the future by underestimating the likelihood of 
adverse events or overestimating the likelihood of positive ones (Sharot, 2011). For example, 
humans tend to overestimate their life expectancy, their success in the job market, and their 
children talents. This consistent, pervasive and powerful tendency is called “the optimism 
bias” and is defined by Sharot (2011) as the difference between expectation and the actual 
outcome. 
2.4.2.  Optimism Bias in the Construction Industry 
Optimism bias in the construction industry was defined by Macdonald (2002) as the tendency 
to underestimate a project’s costs and duration and to overestimate its benefits; it can be 
calculated as the difference (expressed as a percentage) between the appraisal estimate and 
the final outcome. Thus, optimism bias is a measure, first, of the extent to which the actual 
cost and duration of a project exceed those estimated and, second the degree to which the 
project’s benefits that are actually delivered fall short of the benefits that were first estimated. 
A study conducted by Mott MacDonald (2002) to review the outcomes of large public 
procurement projects in the UK over a 20-year period. The study aimed to offer guidance to 
the public sector on how to reduce excessive optimism in project estimates, and it 
demonstrated apparently high levels of optimism in project estimates where the costs and 
duration times were underestimated while benefits were overestimated. The study also 
highlighted identified project risk areas that resulted in increased costs and overruns regarding 
time. The study recommended that optimism bias should be minimised in project estimates to 
deliver the projects on time and within the allocated budget. 
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2.5.  Major Challenges Faced by Construction Projects are Cost Overruns and Time 
Delays  
Inaccurate estimations of construction projects lead to time delays and cost overruns, as the 
actual cost jumps the expected number and the construction also takes longer than originally 
required time. According to several studies like (Kahneman (1979, 2003) and Kahneman and 
Lovallo 1993; Flyvbjerg et al. 2003), large infrastructure projects have been associated with 
higher chances of overruns and delays. The projects’ tendencies to overrun have been labelled 
as project optimism bias. For instance, Flyvbjerg et al. (2003) explored 258 projects in 20 
countries and five continents, of which nine out ten projects had to deal with cost overruns 
and time delays.  Therefore, Flyvbjerg (2005) grouped reasons for time delays and cost 
overruns under the umbrella of technical, psychological and political-economic explanations. 
They are presented below in Table 2 and later discussed in the following sections. 
Table 2: Categorise causes of optimism bias into various categories (Flyvbjerg et al., 2003) 
causes of optimism bias Example 
 
Technical causes 
Inadequate information regarding data, forecast and latest or unverified 
technology. 
Change in the scale of the project or an insufficient business case.  
Poor documentation shows weak management. 
Psychological causes  People and organisations tend to support positive evaluations or appraisal 
optimism.  
The overconfidence of project promoters in projects outcomes. 
Economic Causes  Construction companies and consultants gain benefits in developing projects. 
Political-Institutional 
causes  
Institution actors and power holders and may lie on purpose for the interest of 
their projects. 
2.5.1.  Technical Explanations 
As previously discussed, the technical explanations for delays and overruns comprise of 
flawed forecasting, insufficient data and misjudgements due to numerous reasons like lack of 
experience in forecasting the cost of infrastructure or for some particular infrastructures. 
Moreover, some fundamental issues may also be present in the prediction of the future. 
Another issue becoming the focus of academic literature is the technical explanations for cost 
overruns and delays in transport infrastructure, which is inspired by Flyvbjerg, Skamris Holm 
  
 
20 Delay as a Risk in Construction Projects 
and Buhl, (2004). This is followed by Flyvbjerg, Bruzelius and van Wee, (2008) whose central 
area of concern is urban transport projects.  
2.5.2.  Psychological Explanations 
‘Planning fallacy’ is one of the foremost psychological explanations that have the systematic 
tendency to misinterpret the results of planned actions in an extremely positive manner. Hence, 
this planning fallacy leads to ‘‘Optimism Bias’’ in infrastructure project planning by 
underestimating costs, completion times and risk factors, while overestimating the benefits of 
planned actions.  Kahneman, (1973); Kahneman, (2002) study covered this psychological 
explanation of planning fallacy while the detailed explanation of overruns and delays was 
thoroughly explored in the work of Kahneman and Lovallo, (1993). Planning fallacy basically 
occurs because of one’s biased perception of the whole project, for instance, ‘delusional 
optimism’ in the processing of information causes errors rather than giving accurate results.  
This over-optimism can be avoided or even sorted out by investigating the technical and 
political-economic explanations. 
To enhance the forecast accuracy of planned projects, Kahneman, (2002) came up with the 
concept of Reference Class Forecasting. This concept helps in decision-making under 
uncertainty as it is believed that planned projects are way more similar to projects already 
executed in the past than usually assumed. Thus, it facilitates the improvement of accuracy 
forecast.  While working on a planned project, merely focusing on its particular elements is 
not enough to get an overall idea of success until an outside view is also taken into 
consideration, which in this case would be the results of similar past projects.  
According to the report of Bent Flyvbjerg in association with COWI, (2004) in which they 
sophisticated a practical way of Reference Class Forecasting for the UK Treasury, they have 
given ideas for determining the accuracy of projects resources. To obtain accurate forecasts 
of individual project principal costs they support the use of precise, experimental based 
optimism bias uplifts. This study also formed benchmark uplifts by providing a chart of 
probability distributions of cost overruns for different categories of the project under 
consideration. 
This chart assists the project planners and promoters in selecting the uplift that fulfils their 
requirement of the higher level of risk of cost overrun that they are ready to take. The report 
suggests that the planner is eager to take the high risk of cost overrun should use the 50th 
  
 
21 Delay as a Risk in Construction Projects 
percentile uplift, whereas, the ones interested in staying on the safe side should take the 80th 
percentile. The reason being that the 80th percentile matches up with an acceptable cost 
overrun risk of 20 per cent.  The higher the optimism bias uplift is, the lower the level of risk 
of its cost overrun gets. The percentiles mentioned to here can be considered as one minus the 
level of risk that the project planner wishes to be accepted.  
The report states different optimism uplifts for various projects like for road projects; it ranges 
from 15% at the 50th percentile to 32% at the 80th percentile. The railway projects that also 
include urban transport, the uplift is higher than the road. It ranges from 40% to 57% between 
50th and 80th percentile respectively. Uplifts that are fixed link range from 23% to 55%. There 
are also some project planners that do not prefer cost overruns at all. For those planners, the 
report proposes the application of optimism bias uplifts by the UK Department for Transport 
that is supported by the American Planning Association:  
• creating a practical financial plan as a standard, and not prioritising the over-optimistic 
budgeting as a routine; 
• introducing economic motivations to eliminate cost overruns, for example, through 
the use of co-financing for project cost increases where possible; 
• adequately formed requirements for risk evaluation and high-quality cost at the 
business stage;  
• The outline of independent assessment. 
2.5.3.  Political Economy Explanations 
Political economy explanations deal with the issue of delays and cost overruns from a different 
angle. This is the current explanation that highlights the odds that delays and cost overruns 
might be due to the supply of wrong information purposefully. This is done by project 
planners and promoters to get quick approval of the project so that they can begin it without 
any objections. 
The planners misinform timescales and cost or benefit projections by making it seem a 
successful project or free of defect. The two main areas are cost side and demand side. 
Flyvbjerg et al. (2004) deal with the cost side while Flyvbjerg, (2005) focuses the demand 
side which leads to the expectations regarding future benefits.  
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Between the years 1927 and 1998, a study on 258 transport infrastructure projects was 
conducted by Flyvbjerg, Skamris and Buhl, (2003). The study concluded that apparently, no 
learning was taking place from past many decades and nor was there any check and balance 
being run on the cost underestimation and cost overruns. The report further explores the 
equilibrium which has been created between the more appealing benefits and limited 
constraints for underestimated cost and increase. This may have caused the project promoters 
to wrongly assume that the cost underestimation pays off more than actual expenditure. 
Furthermore, cost underestimation is basically used to make projects appear cheaper than they 
originally are, so they can win the approval from the bosses to begin projects (Flyvbjerg et al., 
2003). 
A sufficient context has been provided by Flyvbjerg, Garbuio and Lovallo, (2009) which 
examines the optimism bias as the consequence of ‘delusion’ and ‘deception’. Under delusion 
falls the ‘planning fallacy’ (as discussed earlier) and ‘anchoring and adjustment’. The latter 
discusses the reluctance of project planners to reconsider the initial estimates, even though 
they are well aware of its inaccuracy. Their unwillingness may also be caused due to the 
negative implications that if cost estimates are higher during planning, then there are lesser 
chances of the project being executed. Political and agency sources of cost overruns are 
explained by the idea of systematic ‘deception’. They analyse the critical problem and sources 
of strategic deception. This deception leads to many problems, especially as it creates a barrier 
between the project and its founders who are the taxpayers. The mediators usually are the 
building contractors, consultants, local government officials and national bodies. Various 
sources of deception occur at each level of the project that comprises of, miscommunication 
of information, risk preferences and differences in self-interest, different time horizons and 
finally scattered or dissimilar accountability 
2.6.  Optimism Bias in KSA Construction Projects 
There are numbers of studies indicating projects in KSA are over-budget and over-time  (Zain 
Al-abidien 1983; Al-Khalil and Al-Ghafly, 1999; Falqi, 2004; Assaf and Al-Hejji, 2006; 
AlKharashi and Skitmore, 2009). It is understood that all major construction projects are 
exposed to considerable risk, which should be treated as a norm, rather than as an exception. 
However, it is hypothesised here that the project planner, while in full consideration of risks, 
does not adequately consider contingencies costs in initial budgeting. The theory of optimism 
  
 
23 Delay as a Risk in Construction Projects 
bias suggests that it is caused by: a) mixture of the organisation of the decision-making 
process; and b) the strategic behaviour of those involved this process (Flyvbjerg et al., 2003).  
The author's experience of the KSA construction industry indicates that a lack of an 
appropriate check and balance system and the presence of a structured decision-making 
framework at the strategic level could lead to optimism bias. Also, wealth generated through 
oil profits has led to a lack of focus on price control. In developed countries, emphasis on 
accurate price forecasting has increased after global recessions. In KSA, a combination of 
socio-political factors and economic wealth has created a climate where there is little interest 
in avoiding optimism bias. The organisation of the decision-making process and the 
behaviours of the key players involved in this process could cause optimism bias.  
Given the four causes (and examples) of optimism bias, many of the conditions necessary to 
address optimism bias, in KSA can be said to be lacking. Anecdotal evidence suggests a 
situation has developed, due to previous political-institutional situations where avoidance of 
optimism bias has only been of interest to a few stakeholders. Total budget allocation for 
projects is often perceived as flexible due to fiscal indiscipline lack of incentives for design 
teams to ensure project costs are not exceeded throughout the capital expenditure phase. 
2.7.  Overcoming Project Optimism Bias 
The two main approaches suggested by Flyvberg et al. (2008), to overcome project optimism 
bias are: modifying motivations or incentives and reference class forecasting.  
• Project cost overruns can be minimised by making sure that all parties involved 
directly or indirectly in the project are properly incentivised, so they honestly estimate 
projects and execute them on time and in the budget. For instance, the public sector 
should be directed to chip in funding overruns. Contractors can also benefit from 
various project structures like public-private partnerships and Design, Build, Finance 
Maintain and Operate (DBFMO) agreements or contracts. 
• Reference class forecasting argues that the best way to determine the cost estimate of 
a project is by reviewing the costs of similar past projects. This is done by first 
collecting the cost distribution data of previous similar projects. After that, the relative 
position of the project to be prediction is considered within the delivery needs so that 
an external view can be drawn from the expected cost of the project. 
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2.8.  Types of Delay 
As mentioned above, there are various identifiable causes for delay in the execution of a 
project; these may be related to areas such as design, construction, finances, management, 
administration, regulations, and code-related delays. Delays in construction projects have 
been organised into various classifications and categories by different scholars, while various 
authors have discussed these classifications and the differences between the various delay 
factors. However, Callahan and Bramble (2003), excluding the debate on various types of 
delay, found that almost all delay types were typically linked to one another. The important 
types are briefly discussed below: 
- Critical or non-critical delays 
- Excusable or non-excusable delays 
2.8.1.  Definition of Critical and Non-Critical Delays and Their Applications 
Critical Delays: According to Stelth and Roy (2009), like all the delay factors mentioned 
above, critical delay factors prevent a project being executed on time. However, critical 
factors not only delay the project but also interfere with the entire performance period. This 
type of delay factor has connections with all the other types of delay discussed by other 
scholars. Bramble and Callahan (2010) suggested that critical delay prevents the contractor 
from finishing the work at the time, which was mutually agreed with other parties and set 
down in the contract. The critical delay concept involves the use of the Critical Path Method 
(CPM), which can identify those activities which are likely to cause delays in a construction 
project. CPM was defined by Newbold (1998), as “a technique for analysing projects by 
determining the longest sequence of tasks (or the sequence of the task with the least slack) 
through a project network.” Thus, a project will almost certainly keep pace with the set 
schedule and be delivered on time if it concentrates on the most critical tasks. According to 
Stelth and Roy (2009), the principal objective of CPM is to calculate and measure the 
appropriate time in which the project can be completed; such embedded monitoring activities 
are referred to as controlling items of work. Moreover, CPM is concerned with identifying 
those factors which are directly responsible for hindering the project and contributing to 
project delays. The CPM also aims to identify the activities which would most likely affect 
the project completion date and thus result in delaying the project (Peters and Carlyle, 2003). 
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According to Trauner (2009), the two methods by which CPM estimates the date of 
completion are known as the Forward and Backward Pass calculations. The Forward Pass 
calculation deals in computing the earliest start and finish dates of the project and the 
Backward Pass deals with estimating the latest start and finish dates. Therefore, it identifies 
those factors which are most likely to influence the execution of the project. 
Stelth and Roy (2009) described the CPM as an extension of the bar chart; it breaks down 
projects into individual tasks or activities. There is a sequence of events that have to be carried 
out in any project where some tasks depend on the completion of previous ones while others 
are independent and can be completed at any time. However, identifying which activities 
impact on the completion date of a project depend on the following factors which were offered 
by Trauner (2009): the actual project, the plans and schedules (particularly the critical path) 
of contractors, the sequencing and phasing required by the contract, the limitations of the 
project, and practical implications concerning how the project may be built. The table below 
Table 3 illustrates the advantages and disadvantages of using CPM (Stelth and Roy, 2009).  
Table 3: Advantages and Disadvantages of using CPM 
Advantages of Using a CPM Disadvantages of Using a CPM 
- Covers scheduling, monitoring control of the project. 
- The project manager can determine the dates for each activity, 
compare What should be happening with what is happening 
and react accordingly. 
- Activities and outcomes can be shown on a network. 
- Dependencies are shown to help in scheduling, 
- Shows which activities can run parallel to each Other. 
- Determines "slack" and "float" times. 
- Widely used within the construction industry. 
- Can define multiple critical paths. 
- Determines project duration, thus minimising direct and 
indirect costs. 
- Maybe complicated; complexity 
may increase in larger projects. 
- Scheduling of personnel and 
allocation of resources not 
covered. 
- The critical path must be 
calculated carefully as it is not 
always clear. 
- Can be difficult to estimate 
completion times, 
 
Apart from the methods mentioned above for estimating the execution times and delays of 
projects, a significant constraining factor is to identify one method to analyse the multiple 
reasons for delays. Most construction projects have an embedded system to monitor critical 
activities to create a forecasted schedule so that the project is executed on time. However, the 
biggest problem is to identify a method to analyse and manage the various causes of delay in 
a construction project’s life-cycle. Currently, BIM is the most innovative model of its kind 
and has significant benefits and capabilities that can be used for this purpose. 
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Non-critical Delays: It could be assumed that non-critical delays do not interfere with the 
entire performance period of the project but according to (Ramanathan, Narayanan and Idrus, 
2012), such delays still ultimately affect the completion date of a project and therefore 
typically affect its overall cost. Non-critical delays disturb or interfere with specific activities 
of a project but will not necessarily affect the whole project. Therefore, Trauner (2009) stated 
that non-critical delays may not necessarily always affect a project’s completion date but will 
still affect its progress. 
In summary, whereas non-critical project delays can be a combination of short or more 
extended interruptions that occur during the whole project, critical delays are often taken more 
seriously than non-critical delays, since they can have a significant impact on the delivery 
time and completion of a project. 
2.8.2. Excusable and Non-Excusable Delays 
Excusable Delays: These types of delay are caused by factors, which cannot be controlled by 
the contractor and the sub-contractor; that is, these delays are not expected when the 
contractors are planning the design and execution of the project. According to (Ahmed et al., 
2002), an analysis of excusable delays suggests that measures put in place to complete a 
construction project on time and to the budget are not possible unless a thoroughly revised 
plan is formulated. Moreover, he states that a significant plan must include a thorough 
breakdown of all revised actions, such as changes in design, and must anticipate late approvals 
of construction drawings and/or ineffective planning. However, if these criteria are not 
included in the construction plans, then they fall into the category of excusable causes (Faridi 
and El‐Sayegh, 2006). 
Mohammed (2012) noted a further sub-classification of excusable delay: excusable delays 
with compensation (or compensable delays) and excusable delays without compensation 
(non-compensable delays). Excusable delays with compensation stem from the actions (or 
lack of actions) of the owner or client. This type of delay usually carries with it financial 
damages of some kind against the defaulting owner; a time extension is also granted. 
Conversely, when a delay is not the fault of any of the contracting parties (such as an act of 
God, for instance), no damages are awarded. Granting the terms of the contract determine 
time extensions or compensations. 
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From the survey of construction projects in KSA conducted by Assaf and Al-Hejji (2006), 73 
causes of delay were identified. These were classified into nine categories, and most of them 
fell under the umbrella of excusable delays. The researchers also presented the views of 
owners, contractors, consultants and other parties concerned with construction projects. 
However, the most common cause of delay in all these nine classes was found to stem from 
the owner changing orders by during the construction process; this was classified under 
excusable delay. Such delays happen when the contractor is delayed by factors or events 
which cannot be controlled either by the contractor or the owner. Generally, based on common 
provisions in public agencies, delays resulting from the following events would be considered 
excusable: General labour strikes, floods, acts of God, owner-direct changes, fires, differing 
site conditions, errors and omissions in the plans and specifications, unusually severe weather, 
intervention by outside agencies and lack of action by government bodies, such as building 
inspection.
Certain conditions may be reasonable, unpredictable and/or under the contractor’s control 
(Trauner and Theodore, 2009). In such cases, an analyst may decide that a delay is excusable 
although such decisions must be made within the context of each particular contract, which 
should define clearly those factors that can be considered as valid reasons for delay and 
therefore justify time extensions for the completion of the project (Trauner and Theodore, 
2009). For instance, some contracts may not grant time extensions because of weather 
conditions, even if they are unusual, severe or unexpected. 
Non-excusable Delays: As mentioned above, excusable delays are those events where the 
contractor is not at fault. In contrast, Alaghbari et al. (2007) defined non-excusable delays as 
those events for which the contractor is directly responsible. In other words, the delays are 
caused as a consequence of the contractor’s actions. According to (Ibbs, Nguyen and 
Simonian, 2011), these non-excusable delays can be a result of a failure of the contractor, his 
sub-contractors, labourers or suppliers. In these kinds of event, the contractors are not granted 
any extension period or relief; instead, they are expected to recover and repay any damages 
to the owner of the project resulting from the delay. The amount of recovery is determined 
from the provision of liquidated damages included in the contract. The diagram below Figure 
4 summarises excusable and non-excusable delays, as explained by (Bolton, 1990): 
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Non Excusable 
Within the contractor s Control
Contractor slow progress
Broken equipment
Delay Categories 
Excusable
 
Beyond the Contractor s
Owner changes  
Unforeseeable weather 
Differing site conditions
Strike 
Acts of God
Non Compensable 
Beyond Owner s Control
Strikes
Act of God
Compensable 
Within Owner s Control
Owner changes  
Differing site conditions
 
Figure 4: Excusable and Non-excusable delay 
Thus, excusable delays are those caused by the owner/client or by an external force outside 
the control of the contracting parties; inexcusable delays, on the other hand, are those caused 
by the contractor and/or the consultant. 
According to Doloi et al. (2012), non-excusable delays are those that contractors are always 
striving to avoid as they are delays which are directly linked to their actions. For example, if 
a contractor failed to provide sufficient labour to meet a project deadline, this would be 
considered a non-excusable delay and, as contractors are typically not given relief, they must 
either make up the lost time by working faster or provide compensation for the owner; this 
may either be in the form of liquidated damages or actual damages. Liquidated damages will 
be incurred if a contractor is late delivering the project and the costs suffered by the owner 
will determine such damages. 
According to Ibironke et al. (2013), only the contractor or the suppliers are responsible for 
non-excusable delays. Moreover, these delays might be the result of underestimating due to 
optimism bias, poor project planning and time management, poor site management and 
supervision, wrong construction methods, equipment failure, or unreliable sub-contractors or 
suppliers (Tumi, Omran and Pakir, 2009). Non-excusable delays result in significant losses 
and are frequently experienced during construction. It is generally agreed that the scheduling 
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of construction projects is an integral part of project management and has a significant 
influence on project success (Albogamy, Scott and Dawood, 2012). The common outcomes 
of schedule delays include an overrun of the project’s completion date, increased costs, 
interrupted work, a decrease in productivity, third-party claims, disputes, and the 
abandonment or termination of contracts, as well as compromising on the quality of the 
project. As a result, schedule delays are highly frustrating and detrimental to the reputation of 
the contractor and the construction company (Ibironke et al., 2013). 
Again, the contract determines if a delay is considered non-excusable or not. For example, in 
some cases, supplier delays are considered excusable if the contractor proves that materials 
have been ordered in a timely fashion, but the materials were not delivered because of 
circumstances beyond the contractor’s control; some contracts, however, may not allow such 
delays. It is the responsibility of the owner, designer or the person who drafted the contract to 
ensure that the contract is unambiguous and clear. Equally, the contractor should fully 
understand what the contract covers before it is signed; the contract should also define what 
are excusable and non- excusable delays (Trauner and Theodore, 2009). 
2.9.  An Overview of Common Delay Analysis Methods and Techniques Used 
The Delay Analysis method is used to inspect the reasons of delay caused by contracting 
parties so it can be verified that which parties are financially responsible for causing the delay 
(Ndekugri, Braimah and Gameson, 2008). This is not as simple a task as it seems because of 
its sensitivity as none of the contracting parties are usually ready to take the responsibility. 
Instead, they blame each other for the delay and end up in a clash. To resolve such issues 
arising during a project or after its execution or any other form of dispute, some methods have 
been formed. These methods will help in proving or repealing the claims made by the 
responsible parties (Arditi and Pattanakitchamroon, 2006).  
In 2007, Yang and Kao (2007), developed a knowledge map after assessing 28 articles based 
on construction delay analysis techniques. Some of the commonly used and mostly accept by 
all, delay analysis methods (DAMs) include: Net Impact Method; Global Impact Method; As-
planned but-for; Impacted As-Planned; Collapsed As-Built; As-Planned vs. As-Built; 
Window Analysis and Time Impact Analysis (Yang, Kao and Lee 2006, Zack et al., 2006, 
Braimah and Ndekugri 2008, Palaneeswaran and Kumaraswamy 2008). However, each of 
these methods cannot be applied to all sorts of situations nor is accepted by the project 
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members. Table 4 below summarises the current DAMs acknowledged from the literature 
with advantages and disadvantages of each method. 
Table 4: Summarises the existing DAMs identified from the literature also the advantages/ 
disadvantages of each method. 
Method A brief description Advantages disadvantages 
Net Impact Method This method is similar to 
Global Impact Method 
including the issue of 
concurrency of delays. Planned 
schedule is required for a list of 
delay events caused by one 
party. In case of more than one 
events taking place at the same 
time, Only the event taking 
max time is taken into account. 
Calculations procedure is also 
similar to Global Impact 
Method. 
This method 
benefits from its 
simple usage 
without the need 
for CPM. 
 
- Delays that are in 
accordance or 
differ are both 
ignored.  
- Delays hinder 
project execution. 
Global Impact Method A planned schedule (not 
necessarily based on CPM) is 
needed with a list of delay 
events with durations that is 
caused by any party (e.g. 
owner). Procedure: delay 
periods caused by owner are 
mentioned at the end of 
planned final date Completion 
date, and calculated date is 
compared if the latter is equal 
or later than actual date then 
the contractor has freedom of 
full extension of time. 
Similar to the 
Global Net Impact 
Method 
Similar to the 
Global Net Impact 
Method. 
    
As-planned but-for A party’s set of delay events 
are included into the basic 
planned programme, then the 
affected completion date and 
as-built completion date are 
compared, And the difference 
between both shows the time 
wasted by other events in 
delaying the project 
completion. 
- Actual progress 
of works (only the 
completion date) 
need not be 
considered;  
- Shows delaying 
effects for 
different types of 
delay; 
Accurate and 
practical As-
planned 
programme is 
required;  
- All information 
analysis should 
happen at one 
time;  
- It is a theoretical 
investigation;  
- The perspective 
of analysis defines 
conclusions. 
As-planned Impacted The listed delay events are 
included in the As-Planned 
methods in chronological 
order, and then the project 
completion date is re-evaluated 
- Can be used to 
show the potential 
delaying effect of 
the of all the 
stakeholders. 
- correct logic is 
needed and could 
be performed  
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until all the delays have been 
managed. 
Moreover, shows 
what-if analysis 
for predicting 
possible delays. 
- No need for built 
information. 
- Accurately 
calculated activity 
durations  
- All information 
should be analysed 
at one time. 
-  Theoretical 
effects of imposed 
events   
- Changing order 
of delay events in 
the planned 
programme gives 
different 
conclusions. 
Collapsed As-built but-
for 
Excusable delays can be added 
by the As-planned analysis in 
its schedule, while the but-for 
analysis removes the delays 
from the programme. The 
period of critical delay is 
represented after the particular 
delay event is removed. 
The method deals 
with changes in 
project planning 
and execution. 
- Proper activity 
performance is 
required. Program 
logic maybe 
required to be 
revised and rerun 
the but-for 
simulations;  
- It is a theoretical 
investigation, and 
there is a possible 
analysis of both 
parties may 
include delays that 
are caused 
according to their 
case. 
As-planned versus As-
built 
This methodology runs a 
comparison between the 
activities of the original CPM 
or non-CPM baseline schedule, 
the as-built schedule for 
detailed assessment of the 
delays that happened. 
It is simple, easy to 
use and 
inexpensive. 
Failure to note the 
changes in the 
critical path 
method and unable 
to deal with 
complicated delay 
scenarios. 
Window/Snapshot/Time 
slice/ Contemporary 
period analysis 
Similar to As-Planned versus 
as-built method. To make 
analyses more, the division of 
project duration is known as 
periods or windows. First, the 
schedule is updated within the 
first window using as-built 
information and has all the 
delays present in that period, 
Whereas, the rest of the As-
Planned schedule is maintained 
beyond this period or window. 
The period of delay which 
formed in the current window 
is represented by the difference 
between the end date from this 
analysis, and the end date from 
Advantages and 
limitations of 
Window and Time 
Impact Analysis 
are almost the 
same. 
Advantages and 
limitations of 
Window and Time 
Impact Analysis 
are almost the 
same. 
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the previous window (or 
snapshot). 
Time Impact Analysis This method combines both 
window technique and as-
planned method. It uses delay 
events on an as-planned model 
from period to period; 
Difference between 
windows/snapshot and time 
impact analysis is as one looks 
at the past events, the other 
looks into the future of what 
delays might happen. 
- Deals with 
changes occurring 
in project planning 
and completion;  
- Can be used for 
old or present 
analysis;  
- Consequential 
delays, 
concurrency, 
criticality, and 
acceleration are 
taken into account;  
- Due to fewer 
activities in every 
period or window 
makes it easier for 
analysis and 
generated good 
results. 
-  Complexity  
- Complete 
detailed records 
are needed for 
regularly updating 
“Window”;  
- Impact period 
selection is done in 
a biased manner 
 
2.10.  Previous Research Studies in Construction Delay 
2.10.1.  Global Context 
As previous researchers, discussed in detail below, show, there are several factors and causes 
identified for delays in the construction industry. Some researchers have even attempted to 
find common links between delays to categorise them. According to Abdul-Hadi, Al-Sudairi 
and Alqahtani (2005), these categorisations have been made mainly on geographical 
limitations or connections, and so, while there are a number of common factors, which 
connect them, there are many major differences. According to Trauner and Theodore (2009), 
each country and geographical location has its own set of factors that delay the execution of 
a construction project. However, the extent of the delay and its seriousness depends solely on 
the geographical location and the type of delay. 
A study by Wa’el, Azizah and Mohd (2007) examined and identified the major causes of 
delays in construction projects in Malaysia. The study found that delays affected both owners 
and contractors. Having explored the impacts of delays on all parties involved (owners, 
contractors, and consultants), the study concluded that the most important delay-causing 
factor was the lack of equipment and tools to complete the project. Poor weather conditions 
and delays in the transport of equipment also contributed to construction delays. 
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Another study by Chan and Kumaraswamy (1994) identified both the causes and importance 
of delays in building and civil engineering projects in Hong Kong. This study examined the 
impact of these delays on clients, consultants, and contractors. Two groups of respondents 
from Saudi Arabia and Nigeria were chosen to categorise delay factors that the researchers 
had already identified, ranking them in order of importance. Results from this survey reported 
that poor site management, unforeseen ground conditions, and slow decision-making (in that 
order) were the most important causes of delays in construction projects.  
As in the study above, Aibinu and Jagboro (2002) evaluated the delays in the construction of 
private residential projects in Kuwait. Their study used a survey to identify the causes of 
delays for these projects. The authors identified three main causes of time delays, namely, the 
number of change orders, financial difficulties, and lack of construction experience by project 
owners. Other causes identified were related to contractors, materials, and financial 
constraints of project owners. The authors suggest that investment of time and money by the 
project owner is vital during the design phase of a construction project. Increased pre-planning 
periods were found to correlate with decreased time delays. Planning well ahead of the start 
of a project ensures both a better outcome and less time delays for project owners, as well as 
a decrease in delays specifically within the implementation phase of a project. 
As in the studies above, Abd Majid and McCaffer (1998) identified the causes and effects of 
delays in construction projects in Indonesia. In total, 57 factors were identified. These were 
grouped into eight different categories according to the party or factor involved in the delay. 
Delays were categorised as related to the contractor, client, consultant, equipment, material, 
finance, manpower, or other external delays. The authors found that time overrun, and cost 
overrun two of the most common effects of delays in construction projects in Indonesia. 
According to Al-Momani (2000) in research based on the Jordanian construction sector, the 
significant causes of delay in their projects were due to inadequate design plans, which did 
not take account of the condition of the site, adverse weather, the economic setting, or 
problems with the quantities of raw materials. Odeh and Battaineh (2001) identified some 
other factors that resulted in project delays. These included owner interference, limited 
contractor experience, financial issues, levels of productivity, delayed decision-making, 
improper planning, and issues with sub-contractors. Further research by Mansfield, Ugwu and 
Doran, (1994) looked at construction delays in Nigeria and found that poor financial and 
project management, shortage of materials and price volatility, were the major causes of 
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delays. In a case study of Oman, as explained by Alnuaimi and Mohsin (2013), three major 
causes of delays to construction projects were identified. It was projected in their study that 
the client is the main reason for delays. Problems with aspects of the design process, including 
changes in design, were identified as the main cause for delays, as well as delayed progress 
on behalf of the contractor; however, most contractors claimed that the main cause of delay 
was due to problems with the financial settlement of clients. 
Other major contributing factors to delays included financial issues, labour problems and the 
slow decision-making process of clients. Moreover, according to Ren, Atout and Jones (2008), 
other commonly found reasons identified in a survey conducted in Dubai, United Arab 
Emirates (UAE) regarding delays in construction, were design errors, labour shortages and 
inadequate labour skills. However, Ahmed et al. (2003) arrived at a more comprehensive 
classification than Ren, Atout and Jones (2008) to include acts of God, shortage of materials 
from suppliers, government actions, labour unrest, and stakeholders’ dissatisfaction. 
From the above studies, it might be concluded that each one has identified certain factors that 
are significant in terms of delay, but the different factors vary for each type of project. 
Previous studies show, for example, that delays in the construction industry can be for reasons 
which vary from country to country because of the different environments and techniques 
applied in construction processes. Comparing previous studies does not offer an accurate 
result since these studies used a range of different techniques, measurements and survey 
methods; they also had different purposes. However, summarising delay factors in different 
countries is useful as it offers an in-depth overview of possible causes for delay in the 
construction industry. 
2.10.2.  Saudi Arabia Context 
A survey conducted in the Northern Province of Saudi Arabia by  Mahamid and Aichouni 
(2015), studied 51 construction projects and found that delays in KSA construction projects 
(from the perspective of consultants) were most commonly caused by: acceptance of lower 
bids, change in the types of specification and materials during construction, management of 
the contract, duration of the contract, inflation of the price of materials, repeated deviations 
from the original design, inappropriate planning, manpower shortage, a long period between 
the design and the time of execution, delay of payments, and inefficient productivity. 
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A study by Sadi and Al-Hejji (2008) examined the causes and magnitude of delays in the 
construction industry of the Eastern Province of Saudi Arabia. The study thoroughly 
examined two groups of stakeholders, as well as parties directly involved in construction 
projects. A total of 15 owners, 19 consultants, and 23 contractors were surveyed. The only 
common cause of delay between all three parties was a change in orders from the owner of 
the construction project. Other causes of delay (not shared by all parties) included delayed 
progress payments and lack of workforce. Contractors also caused delays through their 
inadequate planning and scheduling, poor site management, and financial problems. Other 
factors that caused delays included traffic control, construction accidents, site restrictions, 
changing government regulation, and sociocultural reasons 
The study of Al-Khalil and Al-Ghafly (1999) stated three groups that caused delays in public 
utility projects in Saudi Arabia. They were the water and sewage project owners, consultation 
officers and sewage contractors. Samples for each group are stated; Owners: water and sewage 
projects owned by the government; Consulting engineering offices; Eastern and Riyadh 
provinces had twenty engineering offices that ran water and sewage projects and Contractors, 
and government classification system identified two hundred contractors working in water 
and sewage construction. 
The study revealed that the most significant factor in causing delays was financial difficulties, 
including cash flow. These difficulties may occur due to inadequate planning by the contractor 
or delayed progress payments by the owner of the construction project. The government 
practice of awarding contracts to the lowest bidder regardless of qualifications was also a 
factor in causing delays. The study, which investigated parties involved in the Water and 
Sewage Authority, assessed the frequency and extent of delays of projects in this sector. 
Results showed many projects, particularly medium- and large-scale, experienced delays; 
contractors always requested a time extension for these projects. 
After an exhaustive review of the literature on studies focused on causes of construction delay 
in KSA, the most critical factors contributing to construction delay in KSA as identified across 
different studies are captured in Table 5. Also, most of these research studies were conducted 
by questionnaire survey, using analysis approaches like Importance Index, Frequency Index 
and Severity Index. However, the table indicates the agreement between authors on different 
factors that contribute to delay experienced in construction projects in KSA. 
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Table 5: Top factors contributing to delays in KSA 
Delays Causes Authors 
Ineffective planning and scheduling 
of the project  
Assaf et al., 1995; Alkalil and Al-Ghafly, 1999; Falqi, 2004; Assaf 
and Al-Hejji, 2006; Al-Kharashi and Skitmore, 2009; (Albogamy et 
al.,2013) 
Poor qualification, skills and 
experience of the contractor's staff 
(Assaf et al., 1995); (Alkalil and Al-Ghafly, 1999); (Falqi, 2004); 
(Assaf and Al-Hejji, 2006); (Al-Kharashi and Skitmore, 2009); 
(Albogamy et al., 2013). 
Delay in progress payment by the 
client  
(Alkalil and Al-Ghafly, 1999); (Falqi, 2004); (Assaf and Al-Hejji, 
2006); (Al-Kharashi and Skitmore, 2009); (Albogamy et al., 2013) 
Changes during construction by the 
client 
(Alkalil and Al-Ghafly 1999); (Assaf and Al-Hejji, 2006); (Al-
Kharashiand Skitmore, 2009); (Albogamy et al., 2013). 
Slowness in decision-making by the 
client 
(Falqi, 2004); (AlKharashi and Skitmore, 2009); (Assaf and Al-
Hejji, 2006).  
Poor communication and 
coordination between construction 
parties 
(Alkalil and Al-Ghafly, 1999); (Falqi, 2004); (Assaf and Al-Hejji, 
2006); (Al-Kharashi and Skitmore, 2009). 
Assigning contracts to the lowest 
bidder without regards to 
qualification 
(Alkalil and Al-Ghafly, 1999); (Assaf and Al-Hejji, 2006); (Al-
Kharashi and Skitmore, 2009); (Albogamy et al., 2013). 
2.11. Chapter Summary 
The literature presented above constituted a brief review of the causes for construction delays. 
The literature was reviewed to explore the reasons for delays in the construction sectors 
throughout the world, including in nations such as Jordan, Dubai, Kuwait, Nigeria, Oman, 
Indonesia, Malaysia and Saudi Arabia. As shown in many studies, the causes and effects of 
delays in the construction industry are different depending on the country; this can be 
attributed to differences in the environment and the techniques used in construction processes. 
Delay factors can therefore be categorised into the causes of internal and external delays as 
follows: 
The main causes of internal delays are; changes in orders given by the owner during 
construction, delays in processing payments, improper planning and poor scheduling by the 
contractor, ineffective site management by the contractor, labour shortages, and difficulties in 
contractors financing of the project. 
The main causes of external delays are; lack of equipment and materials, poor weather 
conditions, and lack of the required tools on the local market. However, dependency on the 
government, especially in a developing country, where contracts are granted to the lowest 
bidders irrespective of a contractor’s technical capability, is one of the main external factors 
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delaying a project. Following the literature review, it was found that there is a lack of research 
on delay management using IT, especially given that BIM is capable of providing a platform 
to reduce the cost consequences of project delay. The next Chapter discusses the use and 
importance of BIM in delay management in the construction industry. The next Chapter 
discusses BIM and it benefits in the construction industry. 
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Chapter 3 Building Information Modelling (BIM) 
3.1.  Introduction of BIM 
BIM is an innovative system that has had a huge impact on the way that buildings are 
imagined, designed, constructed and operated (Hardin, 2009). According to Eastman et al. 
(2011), BIM is one of the most popular forms of digital representation of design and 
documentation of building projects. BIM forms a new model within the AEC industry and 
has the potential to encourage greater efficiency and coordination, which consequently helps 
to reduce the conflicts among all stakeholders in construction projects and contributes to 
improved success in delivering projects on time. BIM is not easy to define because it 
encompasses many technology process aspects and according to the UK’s BIM Task Group 
(2014) it is possible to spend a whole year trying to define BIM without getting a unified 
answer. According to Azhar et al. (2012), There are two types of BIM; Technology and 
Process. BIM as Technology helps participants to imagine what is to be built-in a virtual 
environment in order to identify any possible design, construction or operational problems. 
On the other hand, BIM as Process allows close cooperation and interaction between all 
interested parties involved in a construction project (Azhar, Khalfan and Maqsood, 2012; Du 
et al., 2018). It is often argued that one of the main problems facing the construction industry 
is the considerable amount of disintegration and lack of cooperation in the AEC industry 
(Lindblad, 2013). These reasons are considered to be the main factors affecting project 
delivery time (Hammad, 2012). In order to finish the project on time, all the interested parties 
have to work effectively as a team. BIM, therefore, offers a new way of addressing these 
issues by allowing the enhanced exchange of information between project team members and 
throughout the project life-cycle. 
According to Eastman et al. (2011), BIM enables storing all information related to the project, 
in one place. This helps in accessing different aspects of the design more effectively, which 
could help in minimising some of the factors which can contribute to project delays. Moreover, 
Wang, Ed Love and Rex Davis (2012) claimed that BIM helps by visually representing the 
building’s life-cycle of the project from the initial step to the last step, thereby helping in 
forecasting the problems that may arise during the project. In other words, BIM helps to 
minimise errors at various stages of development/construction. BIM is more than an 
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innovative piece of new software or technology; it is a process which can help to change the 
way the construction industry and address related issues. It can make a positive difference in 
workflow and project delivery processes as well as provide three- dimensional intelligent 
models (Hardin, 2009; Eastman, 2011). 
3.2.  The Definitions and Concept of BIM 
Building information models (BIMs) are a virtual representation of physical buildings (Leite 
et al., 2011), while on the other hand, BIM is the coordinated process provides a systematic 
way of managing the design, construction, and operation of construction projects (Eastman, 
Paul, et al., 2008). They are referred to as a shared knowledge provider, used for information 
(Arayici et al., 2012). Based on this, a useful and reliable decision-making process can be 
undertaken (Mat and Tomek, 2014). BIM is different from traditional building designs as it 
covers 2D and 3D plans (Babič et al., 2010). In this, width, height and depth are included. 
Furthermore, 3D is the basic data model that is used with other variables such as 4D 
(Scheduling) and 5D (Costing) respectively. In other words, it can be said that BIM more than 
just geometry. Previous studies show that BIM is beneficial for representing spatial 
relationships based on geometrical information, light analysis, quantities, and properties of 
different building components (Fai et al., 2011). Using virtual information, BIM helps 
contractors to make informed decisions when executing projects. In this modelling, a single 
shared model and discipline-specific data are used, thus reducing the risk of information 
losses which are prevalent in traditional building design (Azhar et al., 2012). 
Despite some of its innovative features, the overall concept of BIM is not new. The technology 
has taken time to find its way into the construction industry (Newton and Chileshe, 2012), 
which is mainly due to construction projects being very complex, unique and running over an 
extended period. It is also costly and demands resources (Mat and Tomek, 2014). As a result, 
the implementation process of BIM in construction projects is not straightforward. It promises 
improved efficiency and higher quality construction projects while reducing costs and time 
throughout the entire life-cycle of the construction project. BIM has gained recognition 
worldwide and is now a favourite tool in the construction industry (Robson and Littlemore, 
2011).
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3.3.  The Development of BIM as Technology and Process 
In the past, architects and designers have depended on drawing boards and manual techniques 
to convey their design to clients. However, such systems have always been prone to design 
errors because of inconsistency or even omission; they are also laborious and time-consuming 
as well as requiring a lot of reworking and repetition. Thus, in the 1970s and 80s, the AEC 
industry moved from drawing boards to computer-aided drafting and design (CADD) systems 
(Bew and Underwood, 2010); in such systems, as the name suggests, computers aided in the 
drafting, design and engineering of a project. 
Two-dimensional (2D) computer-aided drafting (CAD) used vector file-based lines that 
combine to represent objects. This system contained only lines and curves (which were 
entered by the user) to produce two-dimensional drawings to make drafting more efficient. 
Compared to a manual system, CAD improved productivity and reduced costs since more 
work was completed with less effort and in less time. However, with CAD, drawings and 
documents had to be synchronised and consistent while the design developed (Crotty, 2012). 
This proved difficult, and the resulting documents often contained design errors. 
Around 2000, following research by leading vendors such as Autodesk, Graphisoft and 
Bentley, the AEC industry began to use BIM systems in which BIM authoring tools were used 
to create BIM models, originating from mainstream computer-aided drafting and design 
(CADD) systems. However, BIM’s parametric capabilities allowed computerised three-
dimensional (3D) models of a designed object to be created (Crotty, 2012). These models can 
then be used to generate images of any view, section and/or perspective. Furthermore, this 
technology was promising regarding eliminating the problems associated with CAD’s 
tendency to produce unsynchronised and inconsistent drawings/documents. As a result of this, 
the use of BIM technology has increased steadily in the AEC industry. 
The development of BIM can be measured from its progression from CAD to level 3 BIM. 
The Figure 5 below shows a detailed representation of the development of BIM and how it 
has evolved from a process of manual drafting to the traditional CAD method, with potential 
future trends through different levels, developed by (Bew and Richards, 2008):  
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Figure 5: BIM Evolution Ramp. 
It can be observed that the post level 2, as shown above, cannot be described as BIM. It can 
be further observed that managing the data and the process is also separate in the model 
diagram. The model is also divided into levels which help in identifying the level of BIM 
maturity. These levels, based on Bew and Richards (2008), are further explained below in 
more detail. 
Level 0: refers to manual drawing and drafting; the design is made using the traditional style 
with the use of a data exchange mechanism. 
Level 1: (or object-based modelling) is more classified in comparison to Level 0, having a 
managed 2D CAD or 3D format by using the BS 1192:2007 through a common data 
environment (CDE). There is still lack of collaboration between different project parties in 
this level. However, this level is popular with most firms and is often adopted (Bew and 
Richards, 2008).
Level 2: (or model-based modelling) refers to the managed 3D environment with attached 
data which is made up of separate BIM tools. This level operates by using the 4D sequencing 
programme data and 5D cost features. The Enterprise Resource Planning (ERP) manages 
financial data. Avanti Standards also support collaboration in some projects at this level (Bew 
and Richards, 2008). 
Level 3: (or network-based modelling through Industry Foundation Classes) provides a fully 
open-access and data integration facility. BIM in this level is integrated and managed by a 
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collaborative model server. The expert technology, which can support level3 collaboration, is 
speeding up its progression (Bew and Richards, 2008). 
In the future, later stages could lead to entirely interoperable models or federated models. 
However, to deliver using this concept, it will require new technologies, which are currently 
unavailable in the market although serious efforts are being made to achieve this. 
3.4.  Application of BIM in the AEC Industry 
BIM consists of a modelling technology and related group of procedures for the creation, 
communication, and analysis of construction models. It is viewed as an enabler which may 
assist the enhancement of the productivity of the construction industry (Eastman et al., 2011). 
It is perceived as a complete integration of construction delivery procedure, therefore if 
applied successfully, communication flows of information and collaboration amid 
stakeholders will be improved. Numerous commentators and writers have highlighted the 
absence of collaboration as the most worrying obstacle influencing the industries productivity 
(Mutai, 2009, Chelson, 2010). Subsequently, the procedure is maintained from the stage of 
conception up to construction as-built documentation, and also throughout the facility’s 
operation (Smith and Tardif, 2009). Jernigan (2008) and Eastman et al. (2011) contend that 
there are four stages of modelling in the process of construction; these are conceptual stage, 
design stage, construction stage and maintenance stage. A conceptual philosophy of the uses 
of BIM in the four construction project stages which cover the whole lifespan of the project. 
BIM includes the whole life sequence of the project, and therefore the project will be 
specifically impacted in the following manners: 
Plan: During the planning phase of a construction project, the conception of a project is 
detailed by the owners; using BIM the designer may interact with owners simply, and their 
views may be obtained swiftly and precisely regarding the implementation of the project, 
subject to results of site condition evaluation, phase planning and the whole project’s 
estimated budget (Guo et al., 2010). Additionally, for several projects, 3D models are 
employed by the project team to demonstrate ideas for designs to city authorities or owners, 
and to coordinate the design’s integration from different trades (Hartmann, Gao and Fischer, 
2008). This technique could considerably enhance the communication amid various concerns 
in construction projects.
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Design: During this stage, instant 3D representations of spaces and options that could be 
analysed swiftly by technical as well as non-technical staff could be achieved. Additionally, 
plan views, perspectives, sections and quantity take-off could be automatically and visually 
upgraded swiftly to determine possible costs efficiently (Çetiner, 2011). Furthermore, 
engineering analysis, such as energy analysis, and code validation may be simply produced. 
Therefore the parametric features permit the swift compilation of programming information 
for contrast to original authorisation documents, with a raised level of assurance regarding 
precision (Hammad, 2012). 
Construction: BIM permits the replication of the construction procedure, employing all 
possible features associated with costs, scheduling and planning (Eastman et al., 2011).  
Grouping of objects within the building model may be done in line with the stage of 
construction and connected with suitable activities scheduled in a project. Thus, BIM 
simulations are used as tools of communication to disclose possible problems that could lead 
to the enhancement of collaboration within the project team. Furthermore, the performance of 
constructability analysis, which permits the project to be reviewed and appraised for 
feasibility by contractors, may be done precisely and efficiently employing BIM software as 
suggested by (Kymmell, 2008). 
Operation and maintenance: The employment of BIM in digitising management services 
facilities is practical for old as well as new construction facilities (Olatunji and Sher, 2011). 
The capability to sustain facility management is viewed as an essential value-added aspect of 
the BIM technique, presenting a strong business case (Gu and London, 2010, Olatunji and 
Sher, 2011). Also, Gu and London, (2010) provide some explanations on the usefulness of 
storing and maintaining information on construction projects for easy access and retrieval. 
This database is helpful in diagnosing and updating the necessary information for maintaining 
the building facilities. In a vast majority of construction projects, modifications are usually 
made at the construction stage. The application of BIM as a process facilitates a platform for 
interactive digital replication of both interior and exterior designs using 3D which support 
photo-realistic displays.  It further helps to incorporate and update all changes and variations 
that may likely occur during the initial stage of the construction projects. Therefore, this model 
is of particular importance because it accommodates built-in programmes required for 
effective facility operation, management and maintenance. 
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3.5.  Adoption of BIM in the AEC Industry 
In different countries of the world, the AEC industry is rapidly growing and benefitting from 
BIM. However, in Saudi Arabia the industry facing challenges and problem with time 
management which consequently affects project completion times (Assaf and Al-Hejji, 2006). 
Therefore, the AEC industry of Saudi Arabia needs a more effective system to improve quality, 
increase productivity and decrease the cost of construction projects. Although, the AEC 
industry in several have been facing historic pressures to address three fundamental project 
deliverables; time, costs and quality (Crotty, 2012).  
The roles of BIM, in helping to improve outcomes in the construction industry, are remarkable. 
It is observed that all the fundamental targets of the AEC industry can be achieved by 
implementing BIM (Arayici et al., 2011). The adoption of BIM in the AEC industry is 
intensifying rapidly, as this technology is used for managing the information during the life-
cycle of an AEC project. There is a need for speedy BIM adoption across the AEC industry, 
overturning what is seen as a negative impact of adopting new technologies in the AEC 
industry, resulting in a consequent delay in adoption of BIM (Allison, 2012). For the 
stakeholders, the adoption of BIM in the construction sector is a guaranteed way of improving 
processes and outcomes in the AEC industry. 
However, there are still some arguments against the adoption of BIM.  For instance, in the 
UK the adoption of this technology has become a significant reason for slowing growth rates 
in the construction sector. The adoption of BIM technology requires a change in practices, 
which has consequently slowed growth in the UK construction sector (Crotty, 2012). Based 
on this situation, it is suggested by some that the adoption of BIM should be restricted in the 
UK construction sector. However, BIM experts argue that BIM has positive impacts on the 
production of organisations (Arayici et al., 2011). From different surveys and studies so far, 
those AEC industries, which are using BIM, are benefitting greatly and their growth rates are 
increasing more than 80%. Similarly, more than 70% of users of BIM have indicated that 
internal projects are also highly successful using this technology (Arayici et al., 2011). This 
would suggest that BIM is necessary for all AEC industries across the world and should be 
implemented and exploit its capabilities. 
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3.6.  The Benefits of BIM 
The use of BIM is becoming increasingly crucial for AEC industries around the world. There 
are several reasons for this, a major one being that BIM is a catalyst for changing business 
capabilities (Azhar, Nadeem, Mok, Y., et al., 2008). For instance, BIM can reduce the 
industry's disintegration, particularly since the efficiency of production and working 
processes are improved by adopting this technology. Similarly, various costs related to 
projects are reduced by using BIM (Azhar, Nadeem, Mok, Y., et al., 2008). These are 
fundamental reasons for the construction industry to realise the importance and necessity of 
implementing a BIM system. Some benefits of BIM include the following: 
3.6.1.  Multi-disciplinary Models 
The importance of BIM for some different projects has been constantly increasing.  It is 
predicted that in the forthcoming years, BIM will be used for the accomplishment of nearly 
all construction projects (Arayici et al., 2011). It will be particularly useful for those projects 
which have to be completed within a year or less. As mentioned earlier, there are different 
levels of BIM maturity, and based on these stages, it can be used for 4D, 5D and 6D elements 
(Arayici, Egbu and Coates, 2012); equally, it can be used to improve design quality by 
improving the effectiveness of documents and decision-making processes. Architects and 
engineers use this digital model for generating designs while contractors use BIM separately 
for estimating, constructing and simulating without sharing the models. BIM provides a 
mutual framework for different project parties, and this can be used for free-flowing data 
about what is being constructed and designed (Azhar, 2011). 
Some other uses of BIM can be explained by focusing on some of its essential capabilities. 
For instance, it is used for the management of design, focusing on the time span, which is a 
crucial part of design completion. BIM ensures the efficient management of information 
processes, which the BIM manager is responsible for. Additionally, BIM is used against 
predicted and measured performance objectives to develop and track the object-oriented 
modelling (Underwood and Isikdaq, 2009). In other words, it could help in detecting the 
factors/variables that may hinder the timely execution of a project before they occur. For 
example, forecasting or predicting client changes, labour issues and inflation in the cost of 
products/materials when used in conjunction with 4D BIM (scheduling) and 5D BIM (costing) 
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can be helpful to both clients and contractors. This concept is an area that is open for 
exploitation in this research. 
BIM is also an essential tool for assisting in recognising and managing potential changes. At 
the initial level, BIM provides accurate updates for those changes which might occur during 
the project, and consequently affect the completion date (Succar, 2009). This is a significant 
benefit for reducing delays which emerge from frequent changes, either in the design or the 
construction stage. Another benefit of this technology is the continuous improvement it offers 
regarding labour productivity. Technological developments reduce labour time, thus 
increasing workforce efficiency, and labourers can improve their performance (Succar, 2009). 
BIM also enhances the quality of engineering design and allows increasingly accurate 
drawings to be produced (Arayici et al., 2011). Rapid visualisation is another advantage of 
BIM, which is vital for designing different infrastructure-based projects (Linderoth, 2010). 
Therefore, engineers and designers in the construction sector are more likely to adopt BIM in 
their fields for project management and construction. 
3.6.2.  Coordination and Clash Detection. 
The most substantial advantage of this technology is that it improves communication between 
and among the individuals of the management team. Effective communication is essential for 
the development of a project (Linderoth, 2010) since those who are involved in building face 
constant challenges to deliver successful projects. These challenges might be related to limited 
budgets, accelerated schedules, constraints on the workforce, and conflicting information. 
BIM is used to address such problems, helping designers to coordinate with other team 
members. Furthermore, due to the improvements in communication, project coordination also 
improves and reduces delays and conflicts, which can lead to possible savings in the overall 
construction cost. Such technologies are useful in reducing communication barriers and 
engineers in the construction domain favour the use of BIM as it facilitates the construction 
process and gives it a priority. In short, it is beneficial because it reduces uncertainty and 
improves safety.  Alternative methods involving traditional tools are not as efficient, and 
therefore, it is not only designers and engineers who prefer BIM, but also owners and 
associated members (Hardin, 2011). 
Another essential benefit of BIM is that it has a 3D design visualisation function tool which 
can help to enhance automatic interface detection. It can also help to detect possible collisions 
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at the outset, identifying where inconsistencies lie (Arayici, Egbu and Coates, 2012). For 
example, the system will validate that beams, walls or ducts do not intersect with pipes (Azhar, 
2011). This assists in discovering challenges at the initial design phase so that a swift solution 
can be found. 
3.6.3.  Post-occupancy Management 
BIM is helpful in the domain of the geometric modelling of buildings regarding design, 
construction and post-occupancy performance. It is also beneficial in the management of 
construction projects. It is considered the best tool for space planning, renovation and 
maintenance (Azhar, 2011) as well as preventing information being lost, a frequent 
occurrence when different building projects are handled by different design teams (Fai et al., 
2011). For instance, if a building owner finds leaks and faces the problem of wastewater, then 
he can use BIM to gain useful, reliable information and thus make informed and rational 
decisions. 
3.6.4.  Cost Estimation, Time Saves and Improve the Quality 
All components in BIM are developed with inbuilt characteristics about materials, costs, 
volumes, etc. Therefore, BIM helps in generating accurate cost estimates for a project, helping 
to reduce the time a project takes (Azhar, 2011). Bryde, Broquetas and Volm (2013) collected 
data from 35 construction projects that applied BIM with the aim of identifying project 
success criteria. The most significant benefits of BIM related to cost reduction, as well as 
better control throughout the project’s life-cycle. Moreover, a significant time saving was 
reported. Buildings can be analysed and observed using BIM since it relates to project design, 
along with planning, infrastructure, construction and management aspects of buildings. The 
objective of BIM is to provide business value at every step of the construction process 
(McGraw-Hill Construction, 2014).  
Furthermore, according to a study conducted by Azhar, Hein and Sketo (2008), the benefits 
of BIM are: the exclusion of unbudgeted modifications, which is up to 40%; accuracy in cost 
estimation (somewhere in the range of 3%); and a reduction of 7% in the timescale of the 
project. Hence, this reduces the risks of delay in construction projects. Another study 
conducted by Alabdulqader et al. (2012), which aimed to identify the importance and benefits 
of using BIM, surveyed 30 firms; almost all of these firms reported significant benefits from 
using BIM in their projects. About using BIM for visualisation, the benefits identified were: 
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savings in time and cost in the creation of building models; improvements in the presentation 
of projects for customers and the approval process; simplification of the concepts of 
architectural design; reductions in project duration; and overall improved quality of projects.  
Such benefits more than doubled profits for the AEC industry. In other words, the benefits of 
BIM are far-reaching as it helps in gathering accurate and extra information, in designing, in 
producing drawings and inconsistent management.  
A comprehensive review of literature and studies related to the use of BIM in construction 
has been undertaken, to identify the main benefits of BIM for the construction industry. Table 
6 below summarises the benefits of BIM for the whole project lifecycle including; design, 
construction, facilities and operations, and maintenance. 
Table 6: The benefits of BIM during design, construction, facilities and operations, and 
maintenance of a building project. 
Benefits of BIM Author 
A. Benefits to the design stage of a project 
Improve the design quality and check consistency to 
the design intent easily, to avoid excessive delays 
Holness (2006); Eastman et al. (2008, 2011);  
The concept of the project becomes more transparent 
and more accessible to the owner 
Eastman et al. (2008, 2011); Stanley and Thumell 
(2014) 
More accurate visualisations of the design to the 
owner to better understand the design concepts or the 
proposal 
Azhar, Nadeem, Mok, Y., et al. (2008); Eastman et 
al. (2008, 2011); (Ahmad, M., Demian and Price, 
2012); Newton and Chileshe (2012); Stanley and 
Thumell (2014) 
Support decision-making about the design Allen Consulting Group (2010) 
Advance feasibility studies Eastman et al. (2008, 2011 
Advance and improve the simulations (performed 
quickly) 
Azhar, Hein and Sketo (2008); Azhar, Nadeem, 
Mok, Y., et al. (2008) 
Improve the design and installation of MEP services 
on any construction project systems as well as their 
coordination with other building systems 
Holness (2006); Azhar, Hein and Sketo (2008) 
Increase analysis capability for building proposals Azhar, Hein and Sketo (2008); Azhar, Nadeem, 
Mok, Y., et al. (2008); Stanley and Thumell (2014) 
Improve lean design (Khosrowshahi and Arayici, 2012a) 
Improve sustainability: (reduce waste; use recycled 
materials; optimise building performance and 
quality; promote lean construction and integrated 
practices) 
Eastman et al. (2008, 2011); et al.  (2008); (Gleeson, 
2008) (cited in Azhar, 2009); Khosrowshahi and 
Arayici, 2012b; Park et al. (2012); Kolpakov (2012) 
energy efficiency and Improve sustainability 
analysis such as energy analysis; daylighting; solar 
analysis; building orientation analysis; massing 
analysis (to analyse building form and optimise the 
Eastman et al. (2008, 2011); Krygiel et al. (2008); 
Azhar (2009); Allen Consulting Group (2010) 
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building envelope); water harvesting; and site 
analysis 
Reduce time and cost for analysis of energy 
performance for the building due to the information 
of the building that stored in BIM model such as 
building geometry, material, installation and 
structure, functional use. 
Gleeson (2008) (Azhar, 2009); Schade et al. (2011) 
Save design time and costs Barlish and Sullivan (2012); Aibinu and Venkatesh 
(2013) 
Improve the performance of the architect and civil 
engineer; enabling improved and innovative 
solutions and use the as-built models for renovation, 
addition, or alteration of a building 
Azhar, Hein and Sketo (2008); Azhar, Nadeem, 
Mok, Y., et al. (2008); Allen Consulting Group 
(2010); (Lorimer, 2011); Holness (2006) 
Integration between BIM and GIS for managing end-
to-end planning and design workflows; visualising 
and evaluating planning alternatives in the context of 
the real world; performing what-if analysis 
integrating 2D and 3D data, and support the wide 
range of spatial analysis 
(Abukhater, 2013); Irizarry, Karan and Jalaei (2013) 
Improve earlier collaboration of multiple design 
disciplines using integrated project delivery 
Eastman et al. (2008, 2011) 
Improve identifying mistakes before work 
commences on site, where corrections can be set 
automatically when changes are made to design and 
coordinate components merely using clash detection 
software with a virtual build 
Eastman et al. (2008, 2011); Lorimer (2011) 
Increase attention to the selection of the construction 
components at the earliest stage 
Lorimer (2011) 
Earlier quantity take-offs and cost estimating during 
the design stages with continuously updating as 
changes are made to the model 
Ashcraft (2008); Eastman et al. (2008, 2011) 
B. Benefits to the construction and fabrication stage 
Improve visualisation of construction details  Aibinu and Venkatesh (2013); Farnsworth et al., 
(2015) 
Improve understanding the sequence of   
construction activities and project duration 
Eastman et al. (2011) 
Improve synchronisation of design and construction 
planning 
Eastman et al. (2008, 2011) 
Improve synchronisation of procurement with 
design and construction 
Eastman et al. (2008, 2011) 
Improve the supply-chain process Khosrowshahi and Arayici, 2012b 
Improve constructability Newton and Chileshe (2012) 
Improve prefabricated components Eastman et al. (2008, 2011) 
Improve risk identification (risk management) to be 
available in the earlier stage before construction 
Eastman et al. (2008, 2011); (Khosrowshahi and 
Arayici, 2012b); Stanley and Thurnell (2014) 
Improve safety (Zhang et al., 2013a) 
Improve quality and efficiency in construction 
management 
(Ahmad, M., Demian and Price, 2012); 
(Khosrowshahi and Arayici, 2012b) 
Improve project quality and BIM digital data quality  Azhar, Hein and Sketo (2008); Azhar, Nadeem, 
Mok, Y., et al. (2008); Stanley and Thumell (2014) 
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Increase the ability to resolve requests for 
information (REIs) in real time 
Barlish and Sullivan (2012); Stanley and Thumell 
(2014) 
Better implementation of lean construction 
techniques 
Eastman et al. (2008, 2011); (Khosrowshahi and 
Arayici, 2012b) 
Reduce error, rework and waste for better 
sustainability for construction 
(Khosrowshahi and Arayici, 2012b) 
Improve calculation of waste disposal before 
demolition or renovation 
Khosrowshahi and Arayici (2012b); (Cheng and Ma, 
2013)  
Improve communication (information exchange 
among stakeholders) 
Lin (2012) Lorch (2012); Farnsworth et al., (2015) 
Improve coordination and enhance collaboration on 
projects as people need to work together with 
transparency and legitimacy to make effective 
models 
McGraw-Hill Construction (2009); Lorch (2012); 
Farnsworth et al., (2015); Stanley and Thumell 
(2014) 
Improve labour market Allen Consulting Group (2010); Aibinu and 
Venkatesh (2013) 
  
Improve the ability of contractors to make informed 
decisions, by estimation, coordination and 
scheduling the construction process 
Hardin (2009); Succar (2009); Eastman et al. (2008, 
2011); Weygant (2011) 
Reduce project duration and cost of construction McGraw-Hill Construction (2009); Eastman et al. 
(2011); Barlish and Sullivan (2012); Barlish and 
Sullivan (2012) 
Enhance productivity through time and cost savings (Young et al., 2009); Allen Consulting Group 
(2010); (Nassar, 2010); Newton and Chileshe 
(2012); Aibinu and Venkatesh (2013) 
More accurate scheduling  Holness (2006); Farnsworth et al., (2015) 
More accurate cost estimation Holness (2006); Farnsworth et al., (2015); Stanlev 
and Thumell (2014) Farnsworth et al., (2015) 
Improve efficiency of quantity take-offs during 
budget estimate stage 
Nassar (2010); Farnsworth et al., (2015); Stanley and 
Thumell (2014) 
Quick reaction to design changes (change orders 
improvement) 
Eastman et al. (2008, 2011); Barlish and Sullivan 
(2012) 
Reduce clashes (Clash detection) Holness (2006); Newton and Chileshe (2012); 
Farnsworth et al., (2015) 
C. Benefits of BIM to the facilities, operations and maintenance of a building project 
Information of a building's life-cycle (design; 
construction; maintenance and operation) can be 
shared more easily 
Azhar, Hein and Sketo (2008); Azhar, Nadeem, 
Mok, Y., et al. (2008); Eastman et al. (2008, 2011); 
(Allen Consulting Group, 2010a); (Becerik-Gerber 
et al., 2011) 
Improve collaboration (BIFM, 2012) 
Reduce time and cost of (FM) operations Eastman et al. (2011); (Ku and Taiebat, 2011); BIFM 
(2012) 
Enhance environmental sustainability (Ku and Taiebat, 2011) 
Make the maintenance strategy of building easier Becerik-Gerber et al. (2011); BIFM (2012) 
Improve emergency management Becerik-Gerber et al. (2011) 
Support decision-makers in taking prompt informed 
decisions regarding the life-cycle performance of a 
Schade et al. (2011); Lee et al. (2007); Lee et al. 
(2009); Choi (2010); (McGraw Hill Construction, 
2012) 
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building, where (BIM) provides Information related 
to quantity, cost, schedule, and material inventory. 
Improve the control of the whole life costs (CRC for Construction Innovation, 2007); Azhar, 
Hein and Sketo (2008); Azhar, Nadeem, Mok, Y., et 
al. (2008) 
3.7.  Benefits of BIM: Case Study 
According to Wood (2013), an engineer at the Turner Construction Company, BIM 360 Glue 
was among the best choices the Turner Company made for illustrating and projecting the 
Oakland Airport’s central utility plant. Wood (2013) claimed that the Autodesk BIM solutions 
supported and helped with information sharing, a fundamental contributor to the efficient 
running of the plant’s compound systems so that the airport can operate smoothly 24 hours a 
day. The project details are as follows Table 7: 
Table 7: Airport Central Utility Plant Details 
Categories Describe  
Project name Airport central utility plant, Oakland, California 
Project scope US$26 million, 8,300-square-foot plant structure 
Construction Company Turner Construction Company 
Type of contract Guaranteed maximum price 
Type of BIM BIM 360 Glue 
Scope of BIM Clash detection, design coordination and work sequencing 
Schedule benefit Saved both Time and Money 
 
The Turner Construction Company created 3D models of the Streamline Workflow model, 
Minimise Rework model and Saving Time and Money model of the proposed airport plant 
(as shown in Table 7). These models were created after revision and survey of the raw 
materials, budget, and the workforce involved, so these designs were created using detailed 
information from sub-contractors during the design development phase and were based on 
drawings from the designers. 
According to Wood (2013), the Streamline model see Figure 6 below created through BIM 
helped the construction company to improve the collaborative triangulation between the 
architect, client and sub-contractors. This helped the team to collaborate on problems and 
solutions, and thus keeps the project moving forward. The Minimise Rework model allowed 
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the team to make informed decisions that were not based on guesswork. A prototype model 
was presented which helped to reduce the time spent on correcting the design through 
guesswork (Wood, 2013). Similarly, the Saving Time and Money model improved 
coordination by assisting the team members with mobile access for project visualisations, a 
process which is much more time efficient and economical. 
 
 (a) Streamline Workflow Model (b) Minimise Rework Model (c) Saving Time and Money 
Model 
Figure 6: BIM, Oakland International Airport central utility plant, GA (Courtesy of Turner 
Construction Company). 
3.8.  Current Status of BIM Implementation 
BIM has helped the construction industry significantly with its projection of 2D and 3D 
models which helps the contractors and sub-contractors in planning for potential difficulties 
and problems that can delay or hinder a construction project. If a project is not completed 
within the time agreed, this will affect the cost and the quality of the project. Despite the 
apparent effectiveness of BIM, there are still only a handful of countries who have 
implemented the BIM in their construction sector. Although BIM can help in overcoming 
difficulties, there are only a few countries and companies, who are likely to adopt this as a 
model when planning and making a useful model for construction (Race, 2013). 
According to Azhar (2011), construction companies are aware that BIM exists, but some have 
limited knowledge about how it is used and its benefits, so interest has varied within countries, 
across disciplines and between clients. Some construction companies, who are aware of this 
model, avoid using it because they believe it increases the budget and the cost due to a demand 
for additional expertise in the workforce to understand the operations of this model. Moreover, 
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many clients discourage the use of the BIM model as it increases the cost of the project (Succar, 
2009).  
As mentioned above, there are only a few countries that are fully aware of the benefits that 
BIM can provide and have subsequently adopted it. The concept has existed for many years, 
but many are only just becoming aware of it. Countries such as the US, UK, France and 
Germany are some of the few countries who have successfully implemented the BIM model 
in their construction industry as reported by Smart Market Report (2017). The report shows 
the Figure 7 below which represent the countries implement BIM at a high level of their 
construction projects or at least %50 within the period 2015-2019. It shows that the 
implementation of BIM significantly increased in all the counties over the last two years. The 
United States led during the year 2015, however UK and France have attained parity, and 
Germany is very close to them. The future growth of using BIM is expected to change slightly 
during the next year but remains active in all four countries mentioned.  In the case of the UK, 
there was a significant interest and support from the government to use BIM, were aiming to 
implement BIM across all construction projects by 2016 (Cabinet Office, 2011). Moreover, 
according to Mihindu and Arayici (2008), these countries have witnessed a remarkable change 
in their construction sector after the implementation of this programme. Although the rate of 
implementation of this model is relatively low throughout the world, it is projected, in the 
Smart Market Report (2017), that there are positive indications that it will eventually be 
implemented worldwide. The Figure 7 below depicts the implementation of BIM in the 
countries mentioned above: 
 
Figure 7: Current status of BIM implementation (Source: Market Report, 2017) 
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With regards to the KSA construction industry, many construction projects are going to 
implement this technology. The CAD model in the construction concept has now become a 
conventional method in project management and construction planning in Saudi Arabia. 
Within two decades, researchers and engineers are widely using these techniques for better 
building models in the construction field. However, the current construction industries in 
Saudi Arabia are using 3D models, and some engineers and researchers are familiar with 4D 
and 5D models. 
3.9.  BIM Implementation 
BIM is an approach used to transform the overall performances in all areas of the building 
organisations. However, BIM implementation must expand within the construction industry 
on an international scale, for its effectiveness to be appropriately realised (Hardin, 2011). 
With any modern techniques, problems arise, and the implementation of BIM in the AEC 
industry has not been without its problems. It is not the changes in the use of tools but rather 
the new processes involved (Mat and Tomek, 2014). Ten years ago, the concerns with BIM 
technology were related to its quality and capability. Nowadays, it is about a debate over its 
effectiveness and successful implementation in the construction industry, with particular 
questions over how it can help the individual and the project team (Mat and Tomek, 2014). 
The current practice of BIM shows its success as a collaborative system (Epstein, 2012). 
According to the proponents of BIM, the question we should be asking about how to 
implement BIM in the Saudi construction industry to reduce and manage the delays in 
construction projects, rather than questioning whether to do so or not. 
The BIM execution process can be divided into two main stages. The first stage is the 
implementation stage. The second stage is the post-implementation stage. These two stages 
are linked and may interrelate. They also constitute a circle, meaning there may be more 
implementation processes following the post-implementation stage. For instance, information 
collected during the previous implementation and following the post-implementation stage 
may be used as a direction for a different construction company or projects. Any company 
intend to implement a new process, for instance, implement BIM; controls of the quality and 
risk management are often the critical thing to consider from any company (Epstein, 2012). 
Through its post-implementation stage, BIM used to get numerous benefits during the entire 
project life-cycle. These benefits are difficult to classify because they may be interrelated and 
are often linked (Kymmell, 2008, Eastman et al., 2011, Epstein, 2012). In other words, these 
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implementations often derive benefits from the project’s budget and building stakeholders’ 
interest to ‘do BIM’, however, they often miss the holistic benefits offered by BIM. 
Borrmann et al. (2016) conducted a study in which they assumed a paradigm shift faced by 
the construction industry following the implementation of BIM, such as an increase in 
productivity, infrastructure value, as well as quality and sustainability. Reduce the cost of life-
cycle, real-time, and replication with the help of effectual association and communication of 
the stakeholders in a respective construction project. This paradigm shift has become 
necessary with isolated construction projects, which leads to more complex problems 
regarding communication and management, due to the isolation of the construction site. A 
study conducted by Arayici, Egbu and Coates (2012) mentioned how an architectural 
company adopting  BIM helps to moderate the communication and the management issues in 
isolated construction projects. Within the study, the authors looked at a case study regarding 
the UK Knowledge Transfer Partnership projects regarding the adoption of BIM, by the 
University of Salford and John McCall Architects. BIM was used between the main contractor 
and the architectural company. Their research found that the critical problems regarding the 
communication and the management involved poor quality of construction work, material 
unavailability, and unproductive scheduling and planning all of which can be largely 
minimised by adopting BIM at the initial stage of the design. 
3.10.  Challenges in Using BIM 
Despite its benefits and its capacity to project a virtual model, the use of BIM also presents 
some challenges, which undermine its implementation within the construction industry. It is 
because of these challenges that the world is witnessing a slow adoption of BIM. Moreover, 
the identification of these challenges can help in the successful implementation of BIM, given 
its associated risks  (Wong, Wong and Nadeem, 2011). 
Some of these challenges include the demand for highly skilled personnel who can process 
BIM successfully, overcoming and recognising all the obstacles that can arise during the 
construction process (Hardin, 2011). Another challenge is that the cost involved in the field 
of construction is limited and can vary dramatically, depending on the price of raw materials, 
so using BIM may not be financially viable all the time. However, the most significant 
challenge is interoperability. Interoperability can be defined as the ability of a system to 
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coexist and perform synchronously with other systems or products (Arayici, Egbu and Coates, 
2012). 
In the Australian construction industry, it was found that the most highly ranked challenges 
were a lack of understanding of the system and working of this model, education and training 
costs involved in implementing this model. In this the firm was already doing business, as 
starting from scratch is not an easy job for an already established industry (Anon., 2014). It 
was also observed that some of the challenges of implementing BIM were related to existing 
IT resources and network capability which were not advanced enough to run BIM applications 
proficiently (Hardin, 2011). 
3.11. Emerging Opportunities for BIM: Big Data and Analytics and Machine Learning 
Currently, BIM’s paradigm is predominated by Information and Communication 
Technologies (ICT). Experts have highlighted the significance of Information for BIM 
processes centred on feeding data or information early in compare with the traditional 
processes. This information is drawn from a number of professionals and, often, it arrives 
concurrently. BIM’s modelling workflow assumes a virtual, technological environment to 
permit the integration and collaboration of the data generated or gathered. BIM software only 
ends up managing building-modeling information, specifically regarding the process. 
However, analytics also can play a central role in BIM. Using tools and knowledge from other 
fields, such as Artificial Intelligence, Data Science, Data Mining, Data Analytics, and 
Machine Learning (ML), would be a progression towards the introduction of computational 
expertise in the AEC industry. Knowledge discovery, information transformation, automation 
of analyses and processes, and a better prediction of outcomes are the underlying principles 
behind this progression.  
A number of approaches, techniques, and models from these fields could be applied 
immediately and could advance BIM; in many research works, they already are doing so. One 
such example is that if it is seen as desirable to automate the as-built creating process 
(modelling over point cloud data in BIM authoring tools) (Frédéric and Bosché, 2010), then 
there needs to be software that can classify the clusters of construction element points. A 
range of mathematical models exists that could represent this problem. For example, Support 
Vector Machines (SVM) (Vapnik, 1999) are incapable of modelling interrelated cases; they 
assign a certain class to a cluster of points irrespective of the cluster class within its vicinity. 
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Additionally, Conditional Random Fields (CRF) (Lafferty, McCallum and Pereira, 2001), is 
able to represent a large number of complex dependencies between the data that is observed 
within the model (adjacent clusters are more likely to receive the same label or class).  
Both of these models display the pinnacle of Machine Learning techniques. The AEC industry 
already contains some Machine Learning models. An example of this is the survey on sensor-
use for monitoring construction machinery in construction sites via the use of: (1) sensor 
fusion, computer vision-based sensors, and Global Navigation Satellite System (Vasenev, 
Hartmann and Dorée, 2014); (2) clustering of real objects into abstract object classes to reduce 
the computational cost in interference simulation (Hung and Kang, 2014); (3) Radio-
Frequency Identification (RFID); shape mining design approaches (Graening and Sendhoff, 
2014); image classification use of construction materials (Son et al., 2014); SVM use for 
construction material classification (Dimitrov and Golparvar-Fard, 2014); automatic planning 
and design scaffolding systems development (Kim and Teizer, 2014). Moreover, another 
survey assessed AI use in construction (Lu, Chen and Zheng, 2012).  
Additionally, a handful of newly published articles in the literature suggest that the AEC 
industry could be helped significantly from the use of Big Data analytics. There varying 
definitions of the term Big Data, but it can be taken to mean data that is not able to be handled 
by traditional software and is not able to be stored on a single machine. BIM’s dependency 
on information has led some to promote the application of Big Data analytics in the AEC 
industry (Heger, 2014, Mencarini, 2014). However, such implementation would be resource-
heavy, requiring cloud services, machines, expert help, and software. Additionally, the 
construction field has already progressed through an investment stage with BIM processes 
and technologies.  
Data Science, or Data Analytics, are techniques that do not have at their disposal mathematical 
models for given phenomena. Instead, patterns that characterise these phenomena and arise 
from the data are used instead of formal models (Bishop, 2007). These patterns add value and 
change data to information, which is then transformed into the knowledge that can be used 
(e.g. to make predictions for businesses). Descriptive and predictive are the two categories of 
data analytics (Baesens, 2014). In the former, pattern recognition and categorisation to better 
understand a scenario is a primary aim. The latter is more concerned with attaching categories 
within a problem to the data. 
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The research literature contains a number of initiatives that bring computational field 
techniques to BIM processes, demonstrating the beginning of a trend. In the near future, many 
more initiatives will appear as the demand for increased performance from BIM’s tools 
increases.  
3.12. Chapter Summary 
The researchers defined BIM in different ways due to their different background, perceptions 
and experiences. Some scholar described BIM as a technology that is developed to illustrate 
the project’s life-cycle from start to finish. Other scholars have defined BIM as a process 
which assists construction projects by enhancing efficiency and assisting in achieving 
projected objectives on time. This study is a combination of BIM as prosses and technology, 
and BIM can be defined as are a virtual representation of physical buildings. Also, as a 
coordinated process provides a systematic way of managing the design, construction, and 
operation of construction projects. 
BIM has numerous benefits and important functions that can be adopted in the lifecycle of the 
whole project. Most of these benefits have been reviewed in this Chapter. Moreover, it was 
important to review the challenges and the barriers that prevent adopting BIM in the AEC 
industry. Lack of understanding of the system and working of this model, education and 
training costs involved in implementing this model were the most barriers of adopting BIM. 
Also, this chapter discussed the emerging opportunities that could advance BIM such as using 
Big data and analytics and machine learning. 
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Chapter 4 BIM for Delay Management in Construction Projects 
4.1.  Introduction 
While previous Chapters presented an in-depth analysis of various delay causing factors and 
overview of BIM technologies and processes (Chapter 3), this Chapter presents a focused 
discussion on the role of BIM in managing construction delays. It deals specifically with the 
role of BIM technologies and processes in the management of construction delays. In 
particular, it focuses on various features of BIM technologies and processes, including the use 
of BIM for scheduling, constructability options, and for drawing coordination and how it 
could help to address various communication and coordination factors causing delays. Review 
of existing literature and best practice provide substantial evidence of the use of BIM, 3D 
visualisation, and advanced features such as clash detection for improving cost and time 
management practices. A key focus of discussion presented in this Chapter is in the integration 
of cost and time management with BIM to address the problems of cost and time management 
in construction projects. 
4.2.  The Relevance of BIM in Managing Construction Delays  
Various Governmental reports (e.g. Latham, 1994; Egan, 1998; Cabinet Office, 2011) 
highlighted problems facing construction industry leading to cost and time overruns, site 
safety, lack of adoption of new methods, etc. Professor Charles M. Eastman in 1970s 
introduced the concept of BIM (Eastman, Teicholz, et al., 2008). It was anticipated that by 
providing a visual platform to enhance coordination and through various functionalities such 
as drawing coordination, BIM could help resolve various communication and coordination 
challenges facing construction. BIM provides a systematic procedure and exercise of virtual 
design and construction through facility lifespan. It is a tool for sharing information and 
communicates with the participants of the project. BIM goes well beyond the useful 
application of 3D CAD. It provides a significant shift of exchanging information digitally 
rather than paper-based exchanges. BIM offers the potential of reducing project cost, 
decreasing project delivery time and increase productivity and quality. The discussion will be 
based on how BIM will help to reduce project cost and project delivery time. 
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BIM provides a digital illustration of physical or functional features of a skill (Sinclair, 2012, 
p. 3). Thus, it helps to create a common information source for knowledge sharing providing 
a strong foundation for decisions makers during project life-cycle (Sinclair, 2012, p. 3). As 
discussed in Chapter 2 and 3, review of causes of construction disputes indicate that disputes 
are often caused because of communication and coordination issues. By providing visual 
clarity and by enhancing communication between project teams and their complex drawings 
by features such as clash detection and drawings coordination to provide a single BIM model, 
it is possible to develop better clarity leading to minimisation of causes of factors leading to 
project delays. A similar viewpoint is made by Eastman et al. (2011) when they argue “BIM 
is an activity…not just a technology change, but also a process change". 
BIM model can allow for the integration of various information with the 3D model. For 
instance, linking a project schedule with a 3D model could lead to the development of 4D, 
which can provide visual clarity on critical steps involved in the process. Likewise, 
augmenting BIM models with costing information can improve cost reliability (Eastman et 
al., 2011). All of this helps eliminate factors eventually leading to construction delays. Azhar, 
Hein and Sketo  (2008) have further elaborated on key benefits of BIM system and highlighted 
how information could be extracted at any required stage and updated automatically. This 
provides clarity leading to the elimination of coordination problems, leading to project delays. 
Aouad, Lee and Wu (2007) highlighted how cost schedules such as Bill-of-Quantities as well 
as cost plans might be automatically and promptly generated, in line with measurement 
regulations and cost, leading to cost to buy, tender or life-cycle cost. This allows for the 
provision of accurate cost and time information. 
Various scholars (Eastman et al., 2011; Turk et al., 2014) have highlighted inefficiencies 
resulting from manual paper-based processes as one of the critical reason causing project 
delays. Traditional project management processes are hugely paper-based including an 
accurate record of measurements, data entry, quantity take-offs, project scheduling, 
monitoring and cost control and management of contract documentation. Such manual tasks 
are error prone and could lead to project delays (Azhar, Nadeem, Mok, Leung, et al., 2008). 
Similar concerns are discussed by other authors such as Ashworth, (2010), who highlighted 
that various site-based activities such as site meetings, works inspections, record keeping and 
monitoring are done using paper-based processes. It is highlighted that how work and time 
pressures could lead to a compromise in quality, leading to potential delays. 
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In summary, there are some ways in which BIM helps in solving these multi-faced problems 
relating to delay and cost overruns. First, it promotes a more practical design review because, 
in construction projects, design changes and errors are some of the issues that affect the cost 
and schedule (Zou and Lee, 2008). Implementation of BIM will increase the productivity of 
the delivery processes of the constructed facility (Azhar, Nadeem, Mok, Leung, et al., 2008). 
BIM can minimise early construction issues and reduces the tendency of requesting for 
information (RFI), change in design, team conflicts and rebuilding.  Designers will have the 
ability to make design decisions based on the spatial experience of these models, which can 
have a substantial impact on the construction cost. Additionally, faster and more effective 
processes can be achieved throughout using BIM. An investigation carried out by McGraw-
Hill Constructions (2014), about BIM revealed that more than 48% of the owners claimed 
that overall project output was highly beneficial. The RFI’s and reported coordination 
problems were very few. The flow of information was more accessible with the application 
of BIM, and there can be more value added (Azhar, Nadeem, Mok, Leung, et al., 2008). 
The benefits of BIM have been discussed in more details in Chapter three in general for the 
construction industry Table 6. However, this Chapter will capture the main benefits of BIM 
for the delay management to map them with the critical delay factors related to the clients 
identified in Table 5. The Table 8 below identified 14 benefits of BIM have a direct 
relationship with the client's related factors. This table indicates the agreement between 
authors on different benefits of BIM for the delay in construction projects. 
Table 8: Benefits of BIM for delay management and agreements between authors 
Benefits of BIM for delay management Authors 
B1: Improve design quality and verify consistency to 
the design intent easily, which prevents expensive 
delays 
(Holness, 2006; Eastman et al. 2008, 2011). 
B2: Earlier and more accurate visualisations of a 
design to the owner for a better understanding of 
proposals 
(Azhar, Nadeem, Mok, Leung, et al., 2008; 
Eastman et al., 2008, 2011); Ahmad, M., Demian 
and Price, 2012; Newton and Chileshe 2012b; 
Stanley and Thurnell, 2014). 
B3: Support decision- making regarding the design (Allen Consulting Group, 2010b) 
B4: Improve the design and installation of MEP 
services on any construction project systems as well 
as their coordination with other building systems 
Holness, (2006) 
B5: Earlier quantity take-offs and cost estimating 
during the design stages with continuously updating 
as changes are made to the model 
(Ashcraft, 2008; Eastman et al., 2008, 2011). 
B6: Improve understanding the sequence of   
construction activities and project duration 
(Eastman et al., 2011) 
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B7: Improve visualisation of construction details (Aibinu and Venkatesh, 2013; Farnsworth et al., 
2014). 
B8: Improve supply chain process (Khosrowshahi and Arayici, 2012b). 
B9: Increase the ability to resolve requests for 
information (RFI) in real time. 
(Barlish and Sullivan, 2012; Stanley and Thumell, 
2014). 
B10: Improve communication (information 
exchange among stakeholders) 
(Lin, 2014; Lorch, 2012; Farnsworth et al., 2014; 
Eastman et al., 2008, 2011). 
B11: Reduce project duration and cost of 
construction 
(McGraw-Hill Construction, 2009; Eastman et al., 
2011; Barlish and Sullivan, 2012). 
B12: More accurate scheduling and cost estimation (Holness, 2006; Farnsworth et al., 2015). 
B13: Quick reaction to design changes (change 
orders facilitation) 
(Eastman et al., 2008, 2011; Barlish and Sullivan, 
2012). 
B14: Reduce clashes (Clash detection) (Holness, 2006; Newton and Newton and Chileshe, 
2012b; Farnsworth et al., 2015). 
 
4.3.  Managing the Delay Factors Related to the Client Using BIM 
For planning and scheduling of construction projects, project planners have often used 
different methods such as Critical Path Method (CPM), Programme Evaluation and Review 
Technique (PERT) and Gantt Charts. However, given a massive number of variables affecting 
construction projects, the use of such techniques have had limited successes. Also, given the 
quantitative and technical nature of these tools, limited numbers of team members engage 
with these tools leading to limited success. Lack of broader involvement leads to a lack of 
engagement of team members about project schedules, often leading to schedule delays. 
Based on a comprehensive review of the literature on studies about the causes of construction 
delay in KSA, the critical factors contributing to construction delays in KSA, as identified 
across different studies, have been summarised in Table 5. Consequently, this study identified 
five Critical Delay Factors (CDF) Table 9 below that can be managed through BIM. 
Subsequently, the CDF and the different potential ways of managing them have been 
developed (Table 10). Construction delays are attributed to the client/owner, Contractor and 
Consultant related factors. However, this study focuses on the main factors contributing to 
delays related to the clients. Because the clients have the power to make decisions, change the 
design during the construction stage and make the payment for the contractor. 
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Table 9: Top five factors contributing to delays related to the client in KSA 
Delays Causes related to the client Authors 
CDF1: Ineffective planning and 
scheduling of the project 
(Assaf, Al-Khalil and Al-Hazmi, 1995; Al-Khalil and Al-Ghafly, 
1999; Falqi, 2004; Assaf and Al-Hejji, 2006; Al-Kharashi and 
Skitmore, 2009; Albogamy, Scott and Dawood, 2013). 
CDF2: Delay in progress payment by 
the client 
Alkalil and Al-Ghafly, 1999; Falqi, 2004; Assaf and Al-Hejji, 
2006; Al-Kharashi and Skitmore, 2009; Albogamy et al., 2013) 
CDF3: Changes during construction by 
the client 
(Alkalil and Al-Ghafly 1999; Assaf and Al-Hejji, 2006; Al-
Kharashiand Skitmore, 2009; Albogamy et al., 2013). 
CDF4: Slowness in decision making by 
the client 
(AlKharashi and Skitmore, 2009; Assaf and Al-Hejji, 2006; 
Falqi, 2004). 
CDF5: Poor communication and 
coordination between construction 
parties 
(Alkalil and Al-Ghafly, 1999; Falqi, 2004; Assaf and Al-Hejji, 
2006; Al-Kharashi and Skitmore, 2009). 
 
From the mapping exercise (Table 10) it can be deduced that some delay factors can be 
matched to more benefits of BIM than others. The CDF and how they relate to specific 
benefits have been explained in the next sections. 
Table 10: Mapping Delay Factors with the Benefits of BIM 
 
Client-related Factors 
CDF1 CDF2 CDF3 CDF4 CDF5 TOTAL 
Benefits of BIM for 
delay management 
B1   x   1 
B2   x x  2 
B3   x x  2 
B4   x  x 2 
B5 x  x   2 
B6 x   x x 3 
B7   x x x 3 
B8  x    1 
B9  x x   2 
B10 x  x x x 4 
B11 x     1 
B12 x x  x  3 
B13   x   1 
B14     x 1 
Total 5 3 9 6 5  
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4.3.1. CDF1: Ineffective Planning and Scheduling of Construction Projects 
Prior studies have noted the importance of BIM for managing schedules and planning for 
delays in construction projects. Based on the summary of evidence Table 10, management of 
risk associated with construction projects delays can be avoided by using BIM in the planning 
and scheduling phase in the following five ways: improve understanding of the sequence of 
construction activities and project duration (B6); early quantity take-offs and costs estimating 
during the design stages by continuously updating the changes to the model (B5); reduce 
project duration and cost of construction (B11); improve communication and information 
exchange among stakeholders (B10); and accuracy in scheduling (4D) and cost estimation 
(5D) (B12).  
B12: BIM can improve efficiency at the design stages while continuously updating the 
quantity take-offs and cost estimates. As established in the literature review, using CPM (see 
Chapter 2, section 2.7) in scheduling, monitoring and controlling project delays (Doloi, et al., 
2012, Gledson and Greenwood, 2014) in conjunction with BIM (see Chapter 3, section 3.6) 
can help to manage earlier quantity take-offs and cost estimation, at conceptual and design 
stages (see Table 6) of a construction project. Turk et al., (2014) reviewed that BIM digitally 
enhances the capability to automatically generate quantity take-offs that traditionally is very 
time to consume for quantity surveyors. Moreover, researchers such as (Naik et al., 2010, 
Goucher and Thurairajah, 2012, Turk et al., 2014) contended that cost estimating and quantity 
take-offs is digitally done by sequencing the construction activities of a construction process. 
B5: Sequencing and automation of construction activities in BIM, helps to improve the 
understanding of critical path (see 2.7, types of delays) those activities and project duration 
(Kuehmeier, 2008, Zhang et al., 2013b). Azhar, (2008) established that sequencing the 
construction activities is a new paradigm for Visual Interactive Modelling of a construction 
process for contractors on site. 
Sequencing the activities can help clash prevention on a construction site, having many 
contractors working simultaneously (Sackey, 2014). A construction project typically can have 
over several organisations working at the same time (Saini, 2015). Coordination between 
those organisations requires good means of communication (see above 3.6.2). As 
aforementioned (see above 3.9), Arayici, Egbu and Coates, (2012) found that adopting BIM 
helps to moderate the communication and the management issues in isolated construction 
projects. 
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B10: Construction projects often suffer from poor communication and coordination between 
those parties (see Chapter 2, Table 5). BIM is seen as an enabler of communication (Tessema, 
2008, Arayici et al., 2009, Azhar and Behringer, 2013) between those parties to coordinate 
for effective planning and scheduling of a construction project. BIM through communication, 
facilitate the efficiency of contractors to reducing the project duration and cost of the project 
through scheduling and cost estimation (Chelson, 2010, Hungu, 2013) during the construction 
and fabrication phase (see above 3.6.4). However, despite having countless benefits of BIM 
to mitigate delays of ineffective planning and scheduling in construction projects, currently, 
BIM offers the 4D time sequencing programme data and 5D cost estimator features (see above 
3.3). However, the advancement of BIM offers accuracy in time scheduling and accuracy in 
cost for advanced planning and scheduling of a construction project (McGraw-Hill 
Construction, 2014, Smith, 2014).  
4.3.2.  CDF2: Managing Delay in Progress Payment by Client 
The result of the literature review (see Section 4.3 above) shows that managing the progress 
payment is a common delay factor caused by clients in construction projects. The argument 
of delay in progress payment is confronted by many researchers such as (Assaf and Al-Hejji, 
2006; Al-Kharashi and Skitmore, 2009; Albogamy et al., 2013). The studies in Saudi Arabian 
context (Al-Hammad and Assaf, 1992, Al‐Hammad, 1993) blames that delay in progress 
payment damages the relationships between the clients, contractors and sub-contractors. 
Similar views are exhibited in recent studies (Alaghbari et al., 2007, Luu et al., 2009, 
Albogamy et al., 2013) that identified processing of payments as a critical factor of delay in 
KSA construction projects. These studies also suggest that delay in progress payments by 
clients must be managed efficiently to protect and advance the relationship between the clients, 
contractors and sub-contractors. This suggestion emphasises the timeliness and importance of 
the current study. The above analysis reveals three main points where BIM could potentially 
help to manage the delay in progress payments by clients for maintaining the harmonious 
relationship between the affected parties: (a) improve supply chain process (B8); (b) increase 
the ability to resolve RFIs in real time (B9); and (c) improve accurate scheduling 4D and cost 
5D estimation (B12). 
B8: BIM adoption ensures the level of e-readiness, technology and processes are in place 
within a construction supply chain for clients and other operators (Bew and Underwood, 
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2010). Kassem et al., (2014) pointed out that BIM cumulatively enhances a trajectory view, 
and analyses supply chain integration.  
B9: BIM increases information readiness and ability to resolve the request for real-time 
information (Li et al., 2014). In another study Bolpagni, (2013) it was stated that through BIM, 
the client can monitor work in progress during the construction phase and hence, authorise 
monthly progress payments to the contractors. Moreover, clients can also monitor 
construction performance and damages (Whyte, 2012, Zhang et al., 2013b, McGraw-Hill 
Construction, 2014). In other words, BIM helps with monitoring the construction process in 
real time and ensures that works usually progress and therefore losses due to delay in progress 
payments by clients can be avoided.  
B12: As aforementioned, BIM opens the opportunity for more accurate scheduling (Smith, 
2014) for cost estimation (Hunt, 2013) and budgeting (Li et al., 2014) through 5D estimator 
on materials cost. 
4.3.3.  CDF3: Changes During Construction by Clients 
Changes during construction are a critical factor in the delay in a construction project. 
Changes asked by clients during construction changes the workflow, contract price, and 
sometimes the entire construction process and consequently delays the construction process 
(Kaner et al., 2008, Tsai and Yang, 2010). As discussed earlier (see Chapter 2) changes by 
the client have unforeseen risks such as delays in construction projects and loss of finances 
(Jackson, 2002, Hossen et al., 2015). Change orders concerning unforeseen conditions usually 
are due to physical conditions varying from what was previously decided within the original 
contract (Callahan, 2005). To mitigate the types of risks associated with this CDF, BIM helps 
to ensure improved design coordination, implementation, maintenance, and delivery of 
construction projects (Duke, Johnson and Leopard, 2013). This CDF (CDF3) was deduced as 
the most to benefit from BIM with nine possible ways (Table 10) through which delays due 
to client changes can be minimised. These include: improve design quality and verification of 
consistency in the design intent which prevents expensive delays (B1); early and more 
accurate visualisations of a design by the owner for better understanding of proposals (B2); 
support decision-making regarding the design (B3); improve the design and installation of 
MEP services on any construction project systems as well as their coordination with other 
building systems (B4); early quantity take-offs and cost estimating during the design stages 
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with continuously updating as changes are made to the model (B5); improve visualisation of 
construction details (B7); increase the ability to resolve requests for information (RFI) in real 
time (B9); improve communication and information exchange among stakeholders (B10); and 
quick reaction to design changes (change orders facilitation) (B13). 
B1: BIM can help to improve the design quality and verify the consistency of the design to 
prevent delays in construction projects (Stasis et al., 2013). As aforementioned, sequencing 
the process activities in construction design provides the accurate visualisations to the clients 
for a better understanding of materials, cost estimation (Hunt, 2013) and budgeting (Li et al., 
2014). A study by Kaner et al., (2008) has pointed out that adopting BIM also helps in 
efficiently modifying workflow and resource allocation (such as people). As discussed above, 
the effective visualisation through BIM also provides an opportunity to support decision-
making in design, if changes are needed. Furthermore, BIM improves the design and 
installation of MEP services (Leite et al., 2011). Continuously updating the model if any 
changes are made during the design stage which helps to earlier consideration of quantity 
take-offs and cost estimation so that the changes in design can be linked to resource limitations 
(Love et al., 2013, Wu et al., 2014). 
B5: The accurate visualisation of quantity take-offs, materials, cost and budgeting has 
enhanced the potential for mitigating delays in construction (Grilo and Jardim-Goncalves, 
2010, Arayici, Egbu and Coates, 2012). Moreover, accurate visualisation improves streamline 
communication (Succar et al., 2014), not just between clients, contractors and sub-contractors 
but also between workers and supervisors (Azhar and Behringer, 2013). Zanni et al., (2013), 
and Talebi, (2014) stated that the use of BIM enhances coordination, productivity, planning 
and construction process. As discussed earlier, good communication and BIM jointly increase 
the capability, ability, and availability of real-time information. 
Considering the studies above, the essential benefits of BIM linked to client changes provide 
an opportunity for informed decision-making when clients demand variations from the 
original intent. Nevertheless, slowness of decision-making by clients is still a problematic 
issue that causes delays (Assaf and Al-Hejji, 2006, Sweis et al., 2008, Mitra and Wee Kwan 
Tan, 2012, Ghahramanzadeh, 2013, Aditi, 2014). This issue is explored in the next section. 
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4.3.4.  CDF4: Slowness in Decision-making by Client 
Slowness in decision-making by the client is another critical factor that increases the risk of 
high cost, and prolonged project duration consequently leads to the risk of project failure 
(Assaf, Ai-Khalil and Ai-Hazmp, 1995). Dulaimi, Nepal and Park, (2005) ranked ‘slowness 
in decision-making by the client’ is the third most critical factor out of forty-two. Moreover, 
many other researchers (Assaf, Al-Khalil and Al-Hazmi, 1995, Asnaashari et al., 2009, 
Ramanathan, Narayanan and Idrus, 2012, Shebob, Dawood and Shah, 2012, Ghahramanzadeh, 
2013) also ranked ‘slowness in decision-making’ in their top ten critical factors of delay in 
construction. Faridi and El-Sayegh, (2006) blamed considerable number of drawings of 
project design and inadequate planning and visualisation as the cause of slowness in decision-
making by clients. Many other recent studies (Ramanathan et al., 2012, Ghahramanzadeh, 
2013, Aditi, 2014) continue to raise the issue of slowness in decision-making as a cause of 
delay in construction projects. Nevertheless, since the evolution of BIM, researchers have 
claimed that BIM has increased the potential of quickness in the decision-making process of 
clients. The current stage of BIM offers following six ways of improving the speed of 
decision-making by clients: earlier and more accurate visualisations of a design to the owner 
for better understanding of proposals (B2); support decision-making regarding the design (B3); 
improve understanding the sequence of construction activities and project duration (B6); 
improve visualisation of construction details (B7); improve communication and information 
exchange among stakeholders (B10); and more accurate scheduling 4D and cost 5D 
estimation (B12). 
B7: Visual representation through BIM discards the uncontrollable drawings that hinder the 
client’s ability to understand and quickly make sound decisions (Olatunji, 2010). Improved 
visualisation of construction details (such as cost estimation, construction processes and 
materials) through virtual sequencing of construction activities and project duration is helpful 
for decision making. It also provides more accurate scheduling and cost estimation that 
improves communication between the clients, contractors, and sub-contractors (Succar et al., 
2014). Having efficient and effective communication and visual information among 
stakeholders enhances the speed which everyone can make decisions regarding the design 
(Olatunji, 2010, Scherer and Schapke, 2011, Dave, 2013). However, poor management of 
communication and coordination between the clients, contractors, sub-contractors, 
supervisors, and workers can still be an issue that leads to delays in a construction project 
(Sambasivan and Soon, 2007). 
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4.3.5.  CDF5: Managing Poor Communication and Coordination between 
Construction Parties 
Poor and inconsistent communication in a construction project is a critical issue (BIS, 2011) 
because inadequate coordination of several organisations working on a construction project 
at any point in time is undesirable (Noordeen, Karthikeyan and Parveen, 2013 and Saini, 
2015). Poor communication in construction projects results in poor planning and poor design, 
emanating from involves the inadequate exchange of information between the client or owner, 
consultants, contractors, external approving authorities, sub-contractors, and suppliers (Haron, 
2013). Several studies have linked poor management of communication as a cause of delay 
in construction projects (Assaf and Al-Hejji, 2006, AlKharashi and Skitmore, 2009). 
Adoption of BIM has the potential to improve communication management practices in the 
following five ways: improve the design and installation of MEP services on any construction 
project systems as well as their coordination with other building systems (B4); improve 
understanding the sequence of construction activities and project duration (B6); improve 
visualisation of construction details (B7); improve communication and information exchange 
among stakeholders (B10); improve communication and coordination through the 3D BIM 
feature of clash detection in early stages (B14).  
Poor communication generally manifests as poor coordination of data and information that 
leads to overdesign and errors in estimation (Haron, 2013). This overdesign and errors lead 
to changes in design. The reasons for poor communication could be the varying interpretation 
and improper coordination of project data and information (Haron, 2013). This leads to late 
decisions and finalisation of changes in design leading to bad decisions taken through varying 
interpretations (Aditi, 2014, Chien, Wu and Huang, 2014). 
B6: BIM can help to improve the coordination of data and information while sequencing the 
construction activities and time duration for each activity (Kuehmeier, 2008, Clevenger, Glick 
and del Puerto, 2012). Current use of BIM has shown potential to merge and integrate 
different data sets and generate a visual interpretation of construction details (Wang et al., 
2013, Masood, Kharal and Nasir, 2014) as well as foster streamlined communication (Succar 
et al., 2014). As aforementioned, sequencing activities can improve the installation of MEP 
services on a construction project for enhanced coordination with other building systems 
(Leite et al., 2011). Another essential feature of BIM is that it has a 3D design visualisation 
function tool which can help to enhance automatic interface detection (clash detection) 
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(Arayici, Egbu and Coates, 2012). A study (Azhar and Behringer, 2013) also reported that 
clash detection could save up to 10% of project cost because it can help to detect possible 
collisions between building elements at the outset. By identifying where inconsistencies lie, 
clash detection can help improve communication between the stakeholders and lead to the 
completion of projects on time. 
Clearly, substantial studies found in the peer-reviewed literature support the use of BIM for 
managing the identified CDF. On this basis, a case study was carried out to further investigate 
the problem (including optimism bias and client-related causes of delay) as well as to validate 
some of the benefits that BIM provides as identified in the literature. 
4.4.  Analysis and Findings 
The mapping of several ways in which BIM provides benefits for managing critical factors of 
delay. Table 10 reveals some interesting findings. Not all delay factors derive many benefits 
from BIM, and not all benefits of BIM apply to delay factors. These two issues have been 
summarised below:  
The delay factors that benefit most from BIM: it is noticeable that delays due to changes 
made by the client during construction (DF3) is the critical factor that benefits the most from 
as many as nine aspects of BIM process and technology. Other factors that benefit 
significantly from BIM include: “slowness in decision making by client” (DF4) which derives 
six benefits and indicating that BIM has the potential to speed up the decision-making process 
by clients; “Ineffective planning and scheduling of construction projects” has five benefits as 
does “poor communication and coordination between construction parties”. 
The benefits of BIM that are applicable to specific delay factors: It is found that one 
specific benefits which is improving communication i.e. information exchange among 
stakeholders (B10) has influence on mitigating four out of five identified types of delays 
which are: 1) insufficient planning and scheduling (DF1); changes during construction by 
clients (DF3); slowness in decision-making by clients (DF4) and poor coordination between 
construction parties (DF5). Therefore, this study establishes that improving communication 
while adopting BIM in construction projects is a highly important benefit that would help to 
mitigate several types of construction delays. Other notable benefits of BIM that can affect 
up to three out of five delay factors include ‘accurate sequencing of construction activities’ 
(B6), which can help to mitigate ineffective planning and scheduling (DF1); slowness in 
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decision-making (DF4); and lack of coordination between construction parties 
(DF5);‘improved visualisation of design construction details’ (B7) helps to mitigate changes 
during construction by clients (DF3); slowness in decision-making (DF4); and lack of 
coordination between construction parties (DF5); and finally ‘more accurate scheduling and 
cost estimation’ (B12) helps to mitigate Ineffective planning and scheduling of construction 
projects (DF1); Delay in progress payment by client (DF2) and Slowness in decision-making 
by client (DF4). Based on these mapping of benefits to delaying factors, we can, therefore, 
theorise that BIM can help to mitigate all five critical factors of delays in construction in four 
main ways as follows: 
1. Improving communication and coordination between all parties (B10); 
2. Effective and accurate sequencing of construction activities and ensuring that 
reliable data on project duration is efficiently fed into the BIM process (B6); 
3. Accurate visualisation of the design being constructed in detail is produced in 
ways that can assist clients to make informed decisions (B7); 
4. Production of accurate schedules and cost estimates (B12). 
Other benefits are given in Table 10, however, can also have an impact (perhaps in synergy 
with the four primary benefits above) in mitigating such delays in construction. 
4.5. Chapter Summary 
This Chapter investigated the Critical Delay Factors (CDF) in construction with respect to the 
benefits that can be obtained from using BIM in Saudi Arabia. Based on extensive literature 
review and established theory the delay factors were mapped to the benefits of BIM. The 
mapping of several ways in which BIM provides benefits for managing critical factors of 
delay. Not all delay factors derive many benefits from BIM, and not all benefits of BIM apply 
to delay factors. Based on these mapping of benefits to delaying factors, BIM can help to 
mitigate all five critical factors of delays in construction in four main ways as discussed in 
this Chapter. 
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Chapter 5 Research Methodology 
5.1.  Introduction 
This Chapter provides a summary of the research philosophy and approach, the data collection 
methods and tools. Creswell and Clark (2007) argue that there are two fundamental matters 
in undertaking any research, namely the aim of the research and the evidence that supports 
study performance. This study aims to develop an understanding of delay problems in the 
public construction sector of KSA and investigate applying BIM, as to minimise the negative 
consequences due to possible delays in the projects. A recommendation has been proposed 
for the clients of KSA public sector within KSA to handle the issues of delay management by 
applying BIM tool. Therefore, this Chapter is structured with an initial outline of the 
philosophical stance that has influenced the research, followed by a description of the research 
design and approach. To conclude, data collection and analysis techniques are presented. 
5.2.  Research Philosophy 
The value of understanding research philosophy has been emphasised by Easterby-Smith, 
Thorpe and Jackson (2008) since it can assist the researcher to clarify the research design, 
identify the consequence of different research designs and assist in developing new research 
designs. The philosophical emphasis of any research will set the direction for it, according to 
Collis and Hussey (2009). Easterby-Smith, Thorpe and Lowe (2003) presented the following 
justifications for the importance of understanding philosophical issues within research: 
• Assist in stating the nature of the evidence that is needed as part of the research 
design to answer the research questions 
• Assist in identifying the most suitable research design to complement the 
objectives 
• Assist in amending the research design about the boundaries of different 
knowledge. 
Accordingly, subsequent sections will discuss the philosophical standing of the research, 
review key research designs and provide justification for the chosen design. From a 
construction management research viewpoint, Bryman (2008) described two central 
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philosophical positions: ontological and epistemological considerations. An overview is 
provided in the next sub-section. 
5.3.  Ontology and Epistemology Position  
The position of ontology is occupied with the character of reality and the fundamental 
question of “what the knowledge is?” Ontology considers if entities should be considered as 
formed from the perceptions and actions of social actors or external to this. Epistemology 
considers the question of “What is acceptable knowledge in a discipline, and how do we know 
this knowledge?” A fundamental tenant is if the social world should be considered in the same 
manner as for the natural world (Bryman and Bell, 2003). Tashakkori and Teddlie (1998) and 
(Creswell, 2003) stated four kinds of epistemology categories to develop the knowledge: post-
positivism,  positivism, constructivism and pragmatism. Post-positivism, as well as positivism 
all, uses quantitative methods, constructivism employs qualitative techniques, and 
pragmatism employs both qualitative as well as quantitative methods. As stated by Johnson 
and Duberley (2000), it is essential that the researcher choose the most appropriate research 
paradigm to provide answers to the research questions and to meet the objectives. The key 
reason for this is that human knowledge comes from a weak base, due to the lack of neutrality 
in evaluating the various research paradigm perspectives.  The sub-sections below present a 
summary of study paradigms. Both epistemological and ontological suppositions are 
explained, and the paradigm chosen for this research is discussed. 
5.3.1. Paradigm of Positivism and Post Positivism 
A deductive approach is followed by this paradigm, whereby theory is tested rather than 
developed. This paradigm assumes that ontologically, knowledge exists regardless of our 
consciousness of it; the epistemological position assumes that the researcher considers 
knowledge in an objective manner (Easterby-Smith, Thorpe and Lowe, 2003). Extensive 
discussion about the appropriateness of the positivist position for the social sciences has 
occurred (Jackson, 2012). One of the key issues is that it does not provide enough perception 
into the complexities that abound in the social science arena (Remenyi et al., 1998).  
The post-positivism position has more of a deterministic philosophy in that causes may affect 
the outcomes of the research problem under investigation and as such is more widespread in 
scientific research. This may involve developing hypothesis, testing theory to assist in 
answering the research questions more effectively. Quantitative research is usually employed 
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under this paradigm to enable quantifiable examination including measurement (Creswell, 
2003 & Remenyi et al., 1998).  
The positivist paradigm is not appropriate for this study, which is based on the social science 
realm. This is due to the limitations of this paradigm in that there is a denial of human “value” 
and “culture” and the empirical truth. Moreover, the issues previously discussed by Jackson 
(2012) and Remenyi et al. (2003) are adequate to eliminate this paradigm. 
5.3.2. Paradigm of Constructivism 
The paradigm of constructivism, (generally called interpretivism) requires the researcher to 
understand the research problem comprehensively, with the researcher interacting with the 
participants to assist in this understanding. It is conflicting with the positivism and post-
positivism paradigm as rather than reducing ideas; the researcher attempts to make the 
complexity of ideas more thorough in a participatory manner (Tashakkori and Teddlie, 1998b). 
More notions can be derived by listening to participant’s views and experiences (Creswell, 
2003). Within, constructivism and interpretivism, more than one reality would be constructed 
resulting in the formation of a common viewpoint (Guba and Lincoln 1994). As stated by 
Creswell (2007) for such viewpoints, people try to understand the situations they work and 
live within, to establish subjective meanings of their experiences which result in particular 
items or objects. The range and diversity of meanings direct the researcher to concentrate on 
the difficulty of opinions as opposed to several categories or concepts. For this position, 
questions of open-ended nature are desirable, to allow the investigator to listen thoroughly to 
the interviewee and permit further examination if required. Thus, interpretation may be made 
using results, and additionally formed by the background and experiences of interviewees. 
Grbich, (2007) outlines the key features of interpretivism and constructivism as:  
• the focus of the research is an investigation of the manner in which people interpret 
and justify their experiences within targeted circumstances and to be aware of the 
influence of these circumstances towards the constructed understandings; 
• understandings are constructed and imposed by the researcher using interpretation, 
which is restricted by the borders acquired from their experiences within such 
circumstances: and  
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• subjectivity and inter-subjectivity are dependent on the opinions formed by the 
researcher as well as the further development of opinions using interaction with others, 
which are all of relevance. 
Importantly, this position is evident in qualitative research (Bryman 2008; Fellows and Liu 
2008; Grbich 2007; Creswell 2007; Royer and Zarlowski, 2001). The variation concerning 
the essential paradigms is summarised in Table 11, which has been developed from the main 
sources of the literature on the methodology of research (Creswell and Clark, 2007a; Guba 
and Lincoln, 1994; Venkatesh, Thong and Xu, 2012; Tashakkori and Teddlie, 2008).  
Table 11: Presents the comparison of Pragmatism, Positivism/Objectivism and 
Interpretivism/Constructionism 
Research 
Paradigm 
Epistemology 
Positivism/Objectivism Constructionism/Interpretivism 
The Observer The observer must be independent 
of the phenomenon being 
observed. 
Definitions are developed through interaction 
with others through individuals’ lives. What is 
being observed is the part of an observer.  
Epistemology 
(What 
Constitutes 
Knowledge)   
Information is based on empirical 
principles. All evidence must be 
tested scientifically. The only 
observable phenomenon can 
provide credible data. 
Knowledge is built jointly in the interaction 
between the researcher and the participants. The 
researcher must focus on understanding 
descriptions of the position, fact back behind 
these descriptions and subjective definitions. 
Ontology 
(Nature of 
Reality)  
Here is a single reality. The social 
world is present outside, and its 
characteristics should be noted by 
objective methods independent of 
involved societal actors. 
There is no single reality but multiple facts, 
hence a combined mentality is developed, which 
is possible to rise over the time span. Reality is 
constructed and taken from perceptions and 
observations, thus, the fact is subjective. 
Human Interests Human interests should not affect 
research results. Often rely on 
developing numeric measures 
through a scientific approach  
Human interests influence phenomenon under 
observation and are fundamental drivers of 
science 
Descriptions Necessarily establish causality Aim to enhance general knowledge of the 
phenomena 
The progress of 
Research 
Through 
Assumptions or Hypotheses.  Collecting rich data and open-ended questions, 
from which perceptions are induced 
Concepts Essential to be described so that 
they can be noted. 
Should include stakeholder point of views. 
Logic Deductive from general to 
particular 
Inductive from particular to general 
Methods Quantitative Qualitative  
Generalisation 
Through 
Probability (Statistical) Theoretical abstraction 
Sampling 
Requires 
Huge numbers are chosen 
randomly 
Minor numbers of cases selected for precise 
reasons 
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5.3.3.  Philosophical Position of this Research 
This study was undertaken within the context of KSA public sector construction projects, 
which is composed of numerous clients/owners with various experiences, types of thinking, 
processes, and backgrounds, in addition to having a range of opinions. The knowledge is 
developed jointly through the collaboration among the researchers and the participants, 
through the multi-realities which originate from observations and perceptions, leading to a 
shared opinion. Regarding the abovementioned discussion, this study uses a qualitative 
research philosophy through the adoption of constructivism as the ontological position and 
interpretivism as the epistemological position. 
The philosophy type is substantiated by the presence of various clients within the KSA public 
sector construction projects and their viewpoints as stated previously, constructivist ontology, 
as well as an interpretivist epistemology, realise an investigation of a situation including 
constructing a complete understanding of the situation, allowing the researcher to present an 
interpretation concerning the phenomenon in question. In addition, multiple and diverse 
knowledge is gained which allows the researcher to seek several perspectives as opposed to 
narrowing the search for knowledge in a limited number of categories or concepts. 
5.4.  Research Approaches (Methods) 
The research approach comprises the technical framework in which the researcher carries out 
their research. It can be seen as the research programme and/or process whereby the research 
problem can be addressed (Remenyi et al. 1998, reprinted 2003). There are two main research 
approaches: qualitative and quantitative (Cavana, Delahaye and Sekaran., 2001). The 
researcher has to be as 'human-as-an-instrument' for the qualitative method, to obtain and 
analyse information. It can include observations interviews and focus groups with the aim to 
understand the rich, complex as well as distinguished character of human phenomena. 
Concerning the quantitative technique, the researcher measures the phenomena being studied 
and employs statistics typically to evaluate raw data. It may encompass questionnaires, the 
field as well as laboratory experiments, in addition to statistical data (Cavana, Delahaye and 
Sekaran., 2001). Differentiation amid the quantitative and qualitative techniques is essential 
and is largely established by the kind of data and information acquired and evaluated to 
understand the phenomena. Usually, qualitative studies are reliant on information like 
sentences, words and narratives, while quantitative researchers are founded on data like 
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numbers and figures (Boris, Cooper and Pamela, 2005). To answer the research question 
accurately, provide acceptable arguments and reasonable results it is valuable to have a good 
comprehension of each, to allow the selection of the most suitable method. This study 
concerns the qualitative technique to improve and enrich the results and satisfy the objectives 
of the research.  
5.4.1. Quantitative Research 
The quantitative research defined by Zikmund et al. (2010) defines as p134 "meets study 
objectives using empirical assessments which include numerical measurement and analysis 
techniques". The quantitative approach is the research technique which emphasises the 
numerical analysis and offers some level of understanding of these numbers, providing a 
generalisation of the population through broad accounts of stances or viewpoints of a sample 
population. Creswell (2003) suggests a series of steps that should undertake:  
• Survey Design: includes the justification for choosing the survey method, the 
appropriate means for data collection such as interviews or questionnaires and if 
the study is cross-sectional or longitudinal.  
• Population and Samples: developing a sampling design (singular or multistage) by 
identifying and categorising the main features of a population.  
• Relation of Variable: pertaining variables to one exact question on the device is 
also essential. 
• Analysis of Data: this ought to include the sample number, respondent types, and 
any sample bias and why this has occurred, stating of the dependent and 
independent variables as well as appropriate statistical analysis such as mean, a 
standard deviation which is used to test the hypotheses. It is one of the most 
important stages in any study.   
5.4.2.  Qualitative Research 
The qualitative study defined by Zikmund et al. (2010), as p133 "dealing with commercial 
objectives using techniques which allow the researcher to offer detailed interpretations of 
market phenomena and not rely on numerical measurements". Creswell (2003) has proposed 
some features of qualitative research based on the deliberations of Marshall and Rossman  
(1999) which are:  
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• It is a site-based approach whereby a detailed study is developed, with an active 
role for the researcher who becomes a part of the group.  
• It uses an interactive and humanistic method whereby the researcher participates 
in the study to gather data and build a relationship and integrity with the 
participants.   
• It is an emergent approach rather than pre-constructed, allowing for the adjustment 
of the research questions as the data is collected and as the phenomena or studied 
problem may develop further. Therefore, it can be difficult to predict all of the 
research properties initially.  
• A qualitative study is mainly interpretive as data has to be sorted and refined to 
offer more understanding and explanation, allowing conclusions to be made 
regarding its meaning both individually and theoretically.  
• Views phenomena holistically, so, it can be more effective as the issue becomes 
more complex, interactive, by chronicling the issue in detail.   
• Assists the researcher in applying more than one approach and tactics of the survey 
as needed, which can deliver more significant information to improve the research 
and add value to the information obtained.  
Qualitative technique assesses the individual being questioned as well as their profile, which 
will aid the investigator in creating the research in the best manner possible. As the qualitative 
study is explanatory, descriptive and investigates the issue in detail, the opportunity to 
understand small cases is more significant. However, it makes it more difficult to generalise 
from these cases (Patton and Appelbaum, 2003). As the researcher is instrumental in the 
research, through their participation, ideally the researcher should have prior knowledge and 
experience associated with the case under consideration so as to offer additional illustration 
and clarification of the collected data, so as to arrange a rich conclusion as well as 
recommendations which may add to the value of the research. From the literature (Robson, 
2002; Patton, 2002; Cavana, Delahaye and Sekaran., 2001; Creswell, 2003;) numerous 
familiar techniques are detailed for data gathering including focus groups, interviews, 
observation, and alternative origins of information.  
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5.4.3. Triangulation Research 
Triangulation research comprises a mixture of methods for examining a phenomenon. As per 
Fellows and Liu (2008) declared that triangulation allows for the employment of the best 
combination of methodologies while dealing with the weaknesses of each one, which can 
enhance the validity of the study and aid in the formation of the theory. Yin (2008) highlights 
that using triangulation data generated from multiples sources can promote the development 
of new models and concepts. As stated by Fellows and Liu (2008), a combination of research 
techniques are employed through triangulated studies, e.g. the combination of qualitative and 
quantitative approaches to minimise the weaknesses of a single method. Using both 
qualitative and quantitative techniques to investigate the research matter can aid in developing 
a clear understanding, to aid in formulating deductions and for eliciting inferences.  
Easterby-Smith and Lyles, (2003) categorised triangulation into four categories as below:  
• Theoretical triangulation, including the borrowing of models from one field and 
applying them to clarify the conditions in some other field; 
• Triangulation of data, whereby data are gathered from various sources such as 
primary and secondary research or interviews; 
• Investigator triangulation, when the various individuals gather information on the 
similar position, and the outcomes are then matched or compared; and 
• Methodological triangulation is utilising qualitative and quantitative techniques of 
data gathering, e.g. questionnaire survey, interviews, documents and actual field 
study. 
This study will utilise qualitative methods to collect the data. Moreover, this study adopts two 
types of triangulation methods (Triangulation of data & Methodological triangulation) to 
obtain sufficient evidence from a variety of sources (primary and secondary data) as well as 
to increase the credibility and validity of the results. By combining multiple methods and 
empirical materials, the researcher hopes to overcome the weakness or essential biases and 
the problems that come with using a single method. However, theoretical and investigator 
triangulation are not suitable to this study is gathering the data from one field and similar 
position. Established on a preliminary literature review, logical Propositions have been 
established (see Chapter 6, section 6.3), which is applied as the foundation for gathering 
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necessary information (interviews and documentation) from public sector organisations in 
KSA. 
5.4.4.  Selected Research Approach 
The evaluation above of quantitative and qualitative approaches recognises the characteristics 
of these approaches. As stated, the constructivism ontological and interpretivism 
epistemological positions form the basis of the research philosophy. This is underpinned by 
four key explanations:  
Firstly, this research focuses on the investigation of the background and experiences of the 
participants concerned with the KSA construction public sector. A qualitative approach 
allows for the exploration of these multiple realities which results in subjective knowledge. 
Secondly, the construction of public sector projects’ nature is complicated as it includes a new 
trend of applying the BIM for the management of delays in KSA construction sector public 
projects with the involvement of several stakeholders. Thus, the research intended to include 
an analysis of matters in-depth, concerning detailed descriptions.  The qualitative method was 
required to acquire actual perceptions and therefore fully recognise and comprehend the views 
and behaviours of the participant’s clients, consultants and contractors within the context of 
construction of public sector projects. Thirdly, the study concentrated on understanding the 
matters impacting the timely delivery of the construction projects from the viewpoint of those 
stakeholders as words instead of a quantified means.  
The qualitative technique was adopted to respond to the primary research question of “How 
could BIM (process and technology) be applied to analyse and manage delays in public sector 
construction projects of KSA?’’ This necessitates an in-depth study of the delays producing 
factors (related to the clients) in the KSA public sector and the role of developing BIM 
processes and technologies can perform in this regard. Also, a detailed study of the view of 
multi-disciplinary experts employed for the public sector of KSA is needed. Lastly, the study 
does not include the development or verification of a hypothesis or concept that is connected 
to the quantitative method as discussed by Bryman (2008). Therefore, the present study can 
be considered to be attitudinal and exploratory and subjective, bringing understanding and 
interpretation from the background and experience of the researcher. Consequently, and due 
to the previously mentioned literature, the qualitative method is the suitable option for this 
study. 
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5.5.  Study Purpose  
Robson (2002), states that the goal or purpose signifies the accomplishment of the research. 
What is the reason for carrying it out? Are you attempting to discuss something, or describe 
or comprehend an issue? Is it that you are attempting to appraise the efficiency of something? 
It is a reaction to some challenge or matter which requires solutions? Is the finding of the 
research intended to alter something? Uma Sekaran (2003) and Cavana, Delahaye and 
Sekaran., (2001) categorise the research study depending on their features in a standard 
manner: exploratory, descriptive, explanatory and predictive. Some examples of types of 
research are given in Table 12 below. These categories are not absolute and as such a research 
study may include one or more of these, for example, initially exploratory research may be 
undertaken followed by descriptive or explanatory research. As highlighted by Robson (2002), 
your enquiry purpose can change with time. These categories and the purpose of the study are 
discussed in detail in the next sub-section, to identify the main type suitable for this research.  
Table 12: Categorise the Research Study Design Adapted from (Fellows and Liu, 2008).  
5.5.1.  Exploratory Study  
Where there is an absence of information on a particular issue or problem, an exploratory 
study may be undertaken. This may assist in developing a better understanding of the issue or 
problem and involve extensive work in obtaining more information and raising awareness to 
design any research for further investigation (Uma Sekaran, 2003; Cavana, Delahaye and 
Research Types Nature of Research Empirical Design 
Examples 
General Data 
Collection Approaches 
Exploratory To explore the process 
and recognise variables 
and create hypotheses 
for more research 
Case study  
Field study or survey 
Interviews (in-depth)  
questionnaire Survey 
Analysis of Document  
Explanatory Explanation of causality A case study of multi-
site  
Field study Ethnography 
Experimental   
Quasi-experiment 
observation of in-depth 
interviews of 
Participants  
Questionnaire Survey 
Document Analysis 
Kinesics or proxemics 
Descriptive Phenomenon interest 
documentation  
Field surveys or study  
Case studies 
Ethnography study 
 
Predictive  Prediction of outcomes 
and to forecast and 
behaviours and events 
Experimental  
Quasi-experiment 
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Sekaran., 2001). Therefore, comprehensive interviews with numerous stakeholders would 
have to be carried out to attain this extent of understanding. To develop a full understanding 
of phenomena, exploratory studies are undertaken with theory building and hypothesis testing 
an integral part.  
5.5.2.  Descriptive Study  
Descriptive research is intended to provide a precise portrayal of individuals, situations, or 
occurrences (Robson 2002:59). This could comprise an addition to, or a precursor of, a section 
of exploratory study or, more usually, a section of the explanatory study. As stated by Boris, 
Cooper and Pamela (2005), a stated hypothesis is used and/or research questions and as such 
is a more formal process than an exploratory study; it can be used where the research 
objectives involve the following:  
• A problem or feature linked to a defined population (who, what, when. where, and 
how of a subject or topic). 
• Evolution of the extent of a defined population that have prior features.  
• Finding linkages between variables. 
As per Cavana, Delahaye and Sekaran (2001) and Uma Sekaran (2003), a descriptive study is 
undertaken to comprehend the features of an organisation by determining the variables and 
their character is in a particular situation. This includes providing a solid base for decision-
making, by reasoning thoroughly about the specific features in an allowed situation and 
understanding the characters as well as generating ideas for future research. 
5.5.3.  Explanatory Research  
Explanatory research signifies that the study aims to explain as opposed to detailing or 
describing the studied phenomena. Alternatively stated, explanatory is intended to develop 
and evaluate the contributory theories. It comprises an endeavour to associate ideas for 
understanding cause and effect or the causal association amid various variables using the 
establishment of a connection or relationship amid variables. Nonetheless, the study, which 
is referred to as explanatory research, is quantitative in nature, and addresses tested the 
hypothesis through measuring relationships within variables (Uma Sekaran, 2003 and Cavana, 
Delahaye and Sekaran., 2001).  
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Due to the nature of the research question, How? ‘’How could BIM process and technology 
be applied to analyse and manage delays in public sector construction projects of KSA?’’ An 
exploratory study is expected to respond to this question. The purpose of the study; at first, to 
explore the reasons of delays within KSA and second, to study the potential of emerging BIM 
processes and technologies within the context of the KSA public construction sector to 
explore how it can be deployed to deal project delay challenges, through enhanced 
transparency, communication, and visualisation. The nature of present research requires an 
in-depth study of KSA public sector client’s perspective of various delay causing factors and 
role of emerging BIM processes and technologies. Therefore, this necessitates a thorough 
research investigation of the perception of multi-disciplinary experts working for public sector 
clients in KSA. 
5.6.  Research Design  
Once a research paradigm has been chosen, the preferred research design is identified. The 
research design is essential to enable the development and use of a framework and a plan. The 
key objective is to ensure that the required data is gained in order to answer the research 
questions by using the most appropriate methods for data collection and analysis. Boris, 
Cooper and Pamela (2005) stated that there are numerous definitions of research design, 
including a detailed plan for data collection, measurement and analysis. This enables the 
researcher to use their resources efficiently by considering issues such as is a small sample 
more effective than a large sample, which may be less intensive, is analysis mostly 
quantitative or qualitative, will they be structured appropriately and what types of methods 
will be used. It is designed to assist the distribution of the researcher’s limited resources by 
presenting essential options. Does the plan involve interviews, experiments, observation, and 
record analysis, simulation, or possibly a mixture? Is a concentrated examination of a small 
sample more efficient compared to a less concentrated examine of a larger sample? Does the 
evaluation have to be mainly qualitative or quantitative? Yin (1994) stated: research design 
comprises a blueprint addressing a minimum of four research challenges: what comprises the 
research question, which is the related data, what data requires gathering and the method of 
evaluation. Remenyi et al. (1998) and Nachmias Frankfort and Nachmias (1996) state that 
some study designs are applied to management and social science. Several instances of such 
designs comprise cross-sectional, longitudinal, quasi-experimental, contrast group, planned 
variation, panel and time series, control series, combined, and are experimental. Alternatives 
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comprise ethnographic research, case studies as well as action research.  Moreover, Fellows 
and Liu (2015) stated surveys (both in-depth and large scale), interviews, simulation and 
stochastic modelling, participant-observation and laboratory experiments had been the most 
typical empirical research designs within construction management research in recent years, 
some of the empirical designs are dependent on the interpretivist technique contrasted to 
others, these are shown in details in Table 13, adapted from Remenyi et al. (1998). 
Table 13: Empirical Design 
5.6.1.  Justification of the Selected Research Method and Research Design 
The design of the research will frame the research, including data collection and analysis 
methods through the development of a structure of framework or theoretical Propositions. The 
researcher by undertaking research design is better prepared to meet the objectives and gain 
improved findings (Bryman and Bell, 2007). As mentioned before in section (5.6), numerous 
designs of research are used in management and social science (Remenyi et al., 1998; 
Nachmias Frankfort and Nachmias, 1996). Moreover, empirical research designs are used in 
construction management as mentioned by Fellows and Liu (2015). Specified the situation of 
the research and the type of the research question, a mixture of multiple-case studies have 
been adopted using in-depth interviews and archival analysis to realise the research objectives 
by obtaining detailed datasets, as discussed in detail below. This research is novel of its kind, 
it investigates using BIM to tackle the delay factors in the KSA construction public sector. 
5.6.2.  Case Study Design 
From a research strategy standpoint, the term ‘case study’ can be defined as an “empirical 
investigation which examines an existing phenomenon inside its actual environment, when 
the limitations separating phenomena and that environment are not directly apparent, and 
Empirical Design Approach 
Case studies It can be either positivist or interpretivist 
In-depth interviews Generally, interpretivist 
Large-scale 
Questionnaires Survey Positivistic and it can be for interpretation 
Simulation and stochastic modelling Positivistic and it can be for interpretation 
Participant-observation Interpretivist 
Laboratory experiments Laboratory experiments 
Positivistic and it can be for interpretation 
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within which several sources of evidence are employed. It is especially important in 
responding to questions of who, why and where within management research” (Remenyi et 
al., 1998; reprinted 2000) p165. Cavana et al., (2001) believe a case study can be used as a 
problem-solving approach in organisations. However, the problem needs to be comparable 
with other organisations which can be difficult to ensure as many companies and not willing 
to share data. As per (Yin, 2014), p12 "the case study is favoured for examining current 
occurrences, although only when the relevant behaviours are not subject to influence. The 
case study is dependent on several of the similar techniques as history, although it includes 
two sources of evidence not normally encompassed within the selection of historians: 
immediate observation of the events under consideration, and interviews of the individuals 
concerned in the events. Further, even though histories and case studies may overlap, the 
special strength of the case study comprises its capability to address a complete range of 
evidence-documents, artefacts, interviews, and observations-beyond what could be available 
within a conventional historical study". Remenyi et al. (1998) further stated that the case study 
comprises two characteristics: the initial is that it may be employed in determining acceptable 
and dependable proof which can be evaluated, whether from a positivistic or 
phenomenological perspective and is synthesised to generate a conceptual theory. Secondly, 
it may additionally be employed as a means for creating an account of the phenomena or issue 
under consideration.  
When there is a requirement to obtain an understanding by obtaining information about a 
specific phenomenon or issue, then case studies are one of the most common research 
strategies used. However, the robustness of the chosen case is chosen, and the analysis is 
essential. 
5.6.3.  Multiple-case Studies 
To satisfy the purposes and objectives (see Table 1) of this research, multiple-case studies 
have been undertaken. A range of data collection methods can be used within a case study 
within a set time period for the examination of the case.  Broadly, case studies are used within 
the social science field in addition to the practice-oriented fields of education, management 
science as well as construction engineering. Case studies are the most suitable technique to 
be used in this study. Love, Holt and Li (2002) argue that through applying case studies, 
improved understanding trends that affect both the organisation and project performance 
within construction. Multiple-case design concerns duplication reasoning as opposed to 
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sampling reasoning. Yin (2008) stressed strongly in this respect the significance of the 
difference amid multiple cases and multiple participants in a survey. A key requirement is to 
standardise the case studies through replication logic as well as the use of uniform procedures, 
collection and methods for evaluation of cross-case comparisons (Tellis, 1997; Bryman 2008; 
Yin 2008). Yin (2008) stated that the duplication method of multiple-case studies see Figure 
8 below includes a three-stage procedure to assist in directing case research; firstly, define 
and design; secondly, acquire and examine data stage; and finally, to conclude. The procedure 
commences through planning the research which includes theory development and 
demonstrates that the selection of the case as well as the description of particular areas 
comprises significant stages within the design and data collection.  
 
Figure 8: Multiple-Case Studies Approach (Yin, 2014) 
The multiple-case studies technique will assist in supporting the construct validity of the 
research design. According to Perry (1998), the desirable number of case studies is from three 
to ten. Furthermore, stronger evidence is normally provided by the number of cases within a 
multiple-case study, and the entire study is thus viewed as being strong (Herriott and Firestone, 
1983). In addition, findings are real and therefore appropriate for generalisation. With a single 
case design, the interpretations are limited to a single organisation or case, making multiple-
case designs more favourable (Galliers, 1985). Using less than three cases, it is usually a 
challenge to generate theory, and the empirical grounding may be unconvincing. In addition, 
analytical conclusions from several case studies will be stronger and more extensive 
compared to those taken from just a single case (Yin, 2008). Multiple-case studies are the 
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most suitable option for this study and qualitative comparators are used within three public 
sector organisations in order to achieve the research questions and objectives include;  
• Ministry of Health (MOH)  
• Ministry of Education (MOE)  
• Ministry of Municipal and Rural Affairs (MOMRA)  
The reason for selecting these ministries is that they have a large number of projects they are 
handling yearly and most of these projects are not always completed within the specified time. 
Evidence of this can be found in literature and from the author experience. Moreover, the 
bureaucracy in the Saudi government often causes some delay in the execution of projects in 
the selected ministries. Qualitative data has been gathered from all of the case studies by 
undertaking interviews and documentation, to assist in adding depth to the research.  
5.6.4.  Justification of the Adoption of the Case Study  
To select the most suitable research strategy, it is important to have a thorough comprehension 
of the research questions and for them to be as brief as possible (Yin, 2003). As specified in 
section 5.7.2, (that a case study is an important research strategy applied to response the “how” 
and “why”), the basic question of this research starts with how: (How could BIM process and 
technology be applied to analyse and manage delays in public sector construction projects of 
KSA?). Therefore, the most appropriate is the use of the case study as part of the research 
strategy; it is also the most frequent for a qualitative study. The case study is also an excellent 
management enhancement tool to enable the combination of knowledge and practice (Yin, 
2003 and Yin, 2014). The case study is advantageous in describing research notions and 
theories and for enabling dialogue and deliberation. Furthermore, it can be utilised at a low or 
high level of detail for any subject in any field and a variety of situations creating knowledge 
such as individual groups, social, organisational, political and related phenomena (Remenyi 
et al., 1998).  
The selection of the case study approach for this research intends to add merit to the aims and 
acquire enhanced findings. The type of the study examination is appropriate for the case study 
technique as opposed to alternative processes (experimental, survey-based, archival analysis, 
history etc.) as it necessities in-depth analysis and study on the research question. Case studies 
by the established Propositions to collect empirical evidence and the potential influence of 
applying the BIM for public sector projects in KSA. Indeed, it will facilitate in recognition of 
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significant parameters or factors to map functionality of BIM and its prospective effect on 
dealing delays within KSA context. The data used in case studies may be drawn from a range 
of sources, such as observation, interviews, questionnaires, documents, reports and archival 
records as stated by (Fellows and Liu, 2008). In this research, qualitative data will be gathered 
from all of the case studies by conducting interviews and reviewing documentation, to assist 
in adding depth to the research. These are discussed in detail below.  
5.6.5.  In-depth Interviews   
An interview is an exchange between the interviewer and the participant to collect information 
on issues relevant to the research.  The objective of the interview is to establish that which is 
not directly observable, like feelings, opinions, purposes, and behaviours (Patton, 2002). 
According to Robson (2002), the interviews divided into the following classes:  
Structured:  is a highly controlled interview where the questions and wording are 
prearranged and usually pre-set.  
Semi-structured: this provides a higher degree of flexibility as the order, and the context of 
the questions can be amended in light of the discussion with the interviewee.  
Unstructured: this provides the most flexibility whereby, there are no restrictions on the 
questions or setting, and the development of ideas and interests can develop as the interview 
progresses; as such it is often known as ‘informal’. According to Bryman and Bell (2003), the 
interview method is the most broadly employed in data collection and applying a qualitative 
technique with basic components that should be considered in the formulation of the interview. 
Bryman and Bell (2007) state that these include the interview subjects or queries need to be 
arranged in a logical sequence, as this will assist their logical flow; the questions have to be 
planned and framed in a suitable manner which results in responding to the research question, 
and the researcher has to interact in easy and comprehensible language that corresponds to 
the research queries with the interviewee. Recording generic (gender, age, name), as well as 
particular types of information (experience, position), is practical for contextualising 
interviewee responses. Additionally, some practical aspects which require addressing prior to 
carrying out the interview were cited: the researcher needs to be familiar with the environment 
of the interviewee’s as well as their interests so as to understand their terms and language, 
possess a suitably operating recording device that has a microphone in order to create flawless 
recordings of an interview, offer an easy and noiseless interview which is essential to prevent 
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any noise which could influence the quality of the recording, and ultimately, the investigator 
should have the necessary abilities which empower him to carry out an effective interview.  
The character of this study concerns an in-depth understanding of the matter, and thus, 
individual face to face semi-structured interviews are applied as the data collection technique. 
This is because semi-structured interviews can provide a higher degree of flexibility as the 
order and the context of the questions can be amended in light of the discussion with the 
interviewee. Based on the study aim and the objectives explained in Table 1, in-deep 
interviews have been conducted among a KSA public sector client perspective in MOH, MOE 
and MOMRA and to achieve these aim and objectives.  
5.6.6.  Documentations 
The use of documentary materials is viewed as an important information source. Hutt, 
Reingen and Ronchetto (1988) verified this, as the documentary analysis was used to validate 
information acquired from personal interviews within their study on marketing strategy 
information. Documentary evidence is additionally viewed as objective as it is generated 
outside of the research study’s influence. It offers a critical analysis and description of the 
present condition of knowledge within a provided subject area or organisation (Jankowicz, 
2000). Additionally, any novel study can be validated through a clear assessment of what has 
taken place beforehand and shows why the present study is timely as well as significant (Gill 
and Johnson, 2002). Written documents may be from basic sources (collected straight from 
professionals or an organisation) or secondary (published previously or literature) sources 
(Hussey and Hussey, 1997).  This includes standards, reports, procedures, meeting minutes, 
memos, letters, email messages, faxes and articles from journals, newspaper sources or 
conferences or and guidelines. This study was dependent on the strength of the selection of 
data sources by the use of two techniques i.e. documentation and interviews. Interviews, as 
foundations of data, were utilised to gain additional knowledge of the themes under 
examination by extracting the views of interviewees.  This was complemented by relevant 
and accessible documentation. The gathered public-sector construction projects–related 
documents included the following: minutes of meetings; prequalification request documents; 
financial requests; designs documents; submittal request documents; tendering documents; 
change order documents; and projects handover documentation for in-use. 
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5.6.7.  Archival Research  
Archival research makes use of administrative records and documents as the principal source 
of data. Although the term archival has his- historical connotations, it can refer to recent as 
well as historical documents (Bryman 1989). It is essential that an archival research strategy 
not is conflated with secondary data analysis. All research that makes use of data contained 
in administrative records is inevitably secondary data analysis. This is because these data were 
originally collected for a different purpose, the administration of the organisation. However, 
when these data are used in an archival research strategy, they are analysed because they are 
a product of day-to-day activities (Hakim 2000). They are; therefore, part of the reality being 
studied rather than having been collected originally as data for research purposes. An archival 
research strategy allows research questions which focus on the past and changes over-time to 
be answered, be they exploratory, descriptive or explanatory. However, your ability to answer 
such questions will inevitably be constrained by the nature of the administrative records and 
documents. Even where these records exist, they may not contain the precise information 
needed to answer your research question(s) or meet your objectives. Alternatively, data may 
be missing, or you may be refused access, or your data censored for confidentiality reasons. 
Using an archival research strategy, therefore, necessitates you establishing what data are 
available and designing your research to make the most of it. The table below summarised the 
strengths and weakness of the three source of evidence documentation, archival record and 
Interviews. 
Table 14: Source of Evidence strengths and weaknesses 
Source of Evidence Strengths Weaknesses 
Documentation Stable can be reviewed repeatedly. 
Unobtrusive-not created as a result of 
the case study. 
Specific-can contains the exact names, 
references, and details of an event. 
Broad-can covers a length of time, many 
events, and any setting. 
Retrievability can be difficult find to 
find. 
Biased selectivity, if the collection is 
incomplete. 
Reporting bias-reflects (unknown) bais 
of any given documents author. 
Access maybe deliberately withheld. 
Archival record (Same as those for documentation)  
Precise and usually quantitive.  
(Same as those for documentation)  
Accessibility due to privacy reasons. 
Interviews  Targeted-focuses directly on case study 
topics. 
Insightful-provides explanations as well 
as personal views (e.g., perception, 
attitudes and meetings). 
Bias due to poorly articulated questions. 
Response bias. 
Inaccuracies are due to the poor recall. 
Reflexivity-interviewee gives what the 
interviewer wants to hear. 
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5.7. Data Analysis  
In actuality, qualitative data analysis may be seen as challenging due to considerable data 
which are generated as “row” data. Ritchie and Lewis (2009) stated that the type of qualitative 
“row” data is varied and usually includes exact transcripts of discussions or interviews (or 
audio tapes that have not been recorded), observational notes and different types of written 
documents. Creswell (2007) and Yin (2008) highlighted that data interpretation involves a 
number of steps, i.e. analysing, classifying and tabulating or recombining the information, to 
deal with the primary objective of the research. In this respect, Krueger and Casey (2000) 
proposed that the analysis should be driven by the purpose; with the view that it should begin 
by referring back to the objective of the research. Within qualitative interpretation, the aim is 
to generate significance to a circumstance instead of seeking the truth which is the aim of a 
quantitative study (Rabiee, 2004). Strauss and Corbin (1998) defined data interpretation as an 
interchange amid investigators and data while accepting there is an element of subjectivity in 
the choice and analysis of the produced data.  
The data in this research will escape bias as it will be gathered from professionals in the public 
construction sector. Moreover, participants or contributors will be provided with detailed 
information about the topic. Indeed, it will enhance the consistency and correctness of study 
in the form of efficient consequences. Questions will be developed so that the answers will 
only have data pertinent to the research; this will help to ensure the viability of various data 
collection techniques. In addition, a preliminary test will be carried out using an appropriate 
sample size to ensure that the questions are robust and understandable.  
Data will be analysed on factors that are causing delays in the construction projects in KSA. 
These necessities a good knowledge of the nature of how various institutes or industries 
operate and their nearby environment, involving numerous cultural and process-related 
parameters or factors that may render delays. This information will be collected through the 
in-depth data acquisition by well-organised research questions design. 
5.7.1.  Interview Analysis 
There are several methods for the analysis of qualitative data. Practically, as recognised by 
Green and Thorogood (2004), the majority of investigators utilise a  mixture of techniques. 
One such technique is ‘thematic analysis’ which was suggested at the National Centre for 
Social Research in the 1980s (Ritchie and Spencer, 1994). As detailed by Ritchie and Spencer 
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(1994) ‘thematic analysis’ is ‘an interpretation method which comprises a number of unique 
although mainly interconnected stages’. The major five stages of the thematic are 
interpretation; charting; identifying a thematic framework; indexing; familiarisation and 
mapping. A key element is the use of thematic analysis categories and the arrangement of data 
in line with the main themes, ideas as well as new classifications. The benefit of this technique 
is to offer a distinct sequence of stages, which may help first-time investigators to control the 
high quantity and easily challenging context of qualitative information. Importantly, the 
recognised themes across all cases can be analysed by the researcher using this technique. 
Rabiee (2004) stated that the analysis of thematic offers useful steps for the appraisal of each 
data, and it can be used in individual interviews as a common approach of qualitative 
investigators. Krueger (1994) proposed that a practical way of considering this function is to 
contemplate a range of evaluation from the simple gathering of crude information to the 
analysis of data: the interpretation continuum: raw data; descriptive statements and analysis. 
The other characteristic element of the thematic study is that it permits themes to develop 
from the study inquiries as well as from descriptions by study participants, even though it uses 
a thematic method. Therefore, the previously stated discussion highlights that this technique 
has a useful function in analysing the interviews as a result of utilising standardised 
procedures. This is highly practical for controlling the data, making sense of events, removing 
additional and unrelated information as well as moving safely through the mass of complex 
and numerous information pathways, and thereby dealing with the objective of the research. 
As a result, this study used the thematic analysis as its method of evaluation by carrying out 
the familiarisation; interpretation; identifying the relationships between the themes; indexing; 
mapping and charting. 
5.7.2.  Documentation Analysis 
Documentation is a further source of information within the case studies of this study. To 
analyse these documents, the qualitative content analysis was applied. Content analysis is 
described by Simister (1994) as a method for acquiring and classifying data from the transcript, 
while Neuman, (2006) defined it as a method for collecting and interpreting the content of the 
transcript. Bryman (2008) asked how the researcher interprets documents if the content 
analysis is not being undertaken. Therefore, Bryman (2008) stated that qualitative content 
interpretation is perhaps the most common method for the analysis of documents. Significant 
themes should be identified from the analysis of the materials. Altheide (1996) suggested the 
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Ethnographic Content Analysis method, which is an iterative process involving 
conceptualisation, data collection and analysis. Regardless of these dissimilarities, qualitative 
content analysis as a tactic for seeking themes is at the centre of the coding methods normally 
used in the interpretation of qualitative data (Bryman 2008). Likewise, Grbich (2007) asserted 
that qualitative content analysis offers a thematic angle that incorporates rigour in which 
words have been used in specific ways and what the key discussions cover. Therefore, this 
study has implemented the qualitative content analysis technique as a tactic for analysing 
documentation to reinforce interview findings and the generation of themes. Document 
analysis consists of the source of information within the case studies of MOH, MOE and 
MOMRA. Those documents provide data that can be compared to identify the factors of 
delays. 
5.7.3. Cross-case Synthesis 
Stronger results are generated if a case study is made up of a minimum of two cases from 
cross-case synthesis (Yin 2008). Furthermore, he stated that the results might possibly be 
stronger, which will reinforce the results additionally. The data interpretation was planned to 
include cross-case synthesis. The prevention of information-processing prejudices is essential 
to suitable cross-case production (Yin 2008). A significant issue in carrying out cross-case 
synthesis is that the analysis will depend mainly on interpretation, as opposed to quantitative 
information (Yin 2008). Creswell (2007) states that for multiple cases, a standard format 
includes a thorough explanation of an individual case and the case themes, known as a within-
case analysis, after which is a thematic analysis covering all the cases, known as a cross-case 
analysis, in addition to stating or interpreting the significance of the case. Ritchie and Lewis 
(2009) stated that all the information for particular themes across all cases is combined during 
the last stage of data management. Cross-case synthesis will be done across the archival 
documents as well as interviews were done for the three case study ministries. 
5.8.  Chapter Summary 
This Chapter presented the philosophical perspective overview that is influential in the 
research, a brief research design and approach follow this. Also, the techniques of data 
collections and analysis are also described. Depending on the review of the literature, initial 
logical Propositions is designed and proposed for public sector clients in KSA and discussed 
in more detail in section 6.3. Indeed, such Propositions allow gathering qualitative data from 
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public sector organisations in KSA using interviews and documentation. Three case studies 
have been chosen to conduct the interviews and gathering the necessary documentation for 
the research includes MOE, MOH and MOMRA as explained. 
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Chapter 6 Data Analysis Tools and Techniques 
6.1.  Introduction 
This Chapter continue while acquiring the philosophical perspective that is discussed in 
Chapter 5 and follows the research design and approach. In addition, the techniques of data 
collections and analysis are also defined. As established through literature review, initial 
logical Propositions are established and proposed for public sector clients in the KSA, 
discussed in section 6.3. Those Propositions allow gathering qualitative data from public 
sector organisations in KSA such as MOE, MOH and MOMRA, using interviews and archive 
documents. Multiple case studies (as discussed in methodology Chapter 5.6.3) have been 
chosen to conduct the cross-case analysis through archive data that gives an opportunity for 
qualitative analysis and interviews. 
Data analysis is a systematic process of conducting a statistical or logical analysis to describe, 
explain, illustrate, and evaluate the information. Data analysis is used for generalising the 
different or similar viewpoints of people or developing a specific point of view. This study 
accounts for the Qualitative Methods (as discussed in methodology Chapter section 5.4). 
Qualitative approaches have unique properties that are used in the search for knowledge. In 
this study Qualitative Research Method, the widely utilised for the search for knowledge 
through interviews and document analysis. The Qualitative Enquiry is the way for the search 
for knowledge that evaluates the different views of the construction industry based on the 
quality of information. This study accounts the views, opinion and perception of the people 
and groups are captured and analysed in further Chapters. This Chapter discusses the data 
collection and data analysis tools and techniques in further details such as the type of 
generalisation, demographics, sampling strategy, Unit-of-Analysis for qualitative and 
quantitative data, its instruments, demography and data analysis tools and techniques. 
6.2.  Type of Generalisations 
This study will generalise the five main factors of delays related to the client established and 
discussed in the Chapter (four section 4.3 in Table 9), and generalise the results based on the 
six Propositions set and summarised in (Table 1) and discussed in this study below. Therefore, 
this study focuses on the six Propositions given below to generalise the results based on five 
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types of delays identified through literature review. The vision towards the type of 
generalisation will lead this study to establish the unit-of-analysis and the data collection 
methods and techniques. To generalise the results, the interviews questions are set while 
focusing on analysing the below Propositions.  
6.3.  Study Propositions  
The existing studies based on academic research contain a wide variety of views, inferences 
and evidence the use of BIM could help mitigate construction delays factors. However, in 
construction practice, there is seemingly a lack of awareness of the benefits of BIM in 
mitigating these delay factors. The reasons for this are not clear, but according to a recent 
study (Construction Management, 2017), despite its many acclaimed benefits, clients are still 
not buying into BIM and often see it as an additional cost. It is also plausible to argue that 
there has not been enough exemplary projects that have demonstrated the benefits of BIM to 
clients in particular, as a lot of the benefits tend to favour designers and contractors. 
Additionally, existing studies have not attempted to directly map the relevant benefits of BIM 
against specific delay factors to help manage them. To fill this gap in research and to 
understand the scope (or limitations) of BIM in mitigating construction delays, a set of 
Propositions have been formulated that will help fulfil the objectives of this research. These 
Propositions have been extracted and inferred from critical literature review about the main 
factors of delays in public sector construction in the KSA. One of the Propositions targets the 
cost related consequences caused by the clients and whether using BIM would help avoid cost 
overruns.  
The Propositions would lead to a critical discussion on BIM adoption in public sector 
construction and provide new knowledge on the measurable benefits (and aspects) of BIM 
against relevant causes of delays. Nevertheless, below Propositions would lead this study to 
analyse BIM’s potential for advancing communication in construction projects, information 
flow and coordination between the clients and other stakeholders.  Based on a literature review 
(in Chapter 2, 3 and 4) this study assumes that the following Propositions will bring focus to 
interviews questions design and data collection for this study.  
Proposition 1: Using BIM in public sector construction projects would help the analysis and 
management of delays in construction projects.  
  
 
Data Analysis Tools and Techniques 97 
On a broader view, BIM is considered a unique paradigm for visual interactive modelling and 
simulation of construction projects (Azhar, 2008, Talebi, 2014). It is believed (Serginson, 
Mokhtar and Kelly, 2013, BIM Acceleration Committee, 2014, Talebi, 2014) that BIM has 
the potential to manage the unnecessary delays caused in the traditional methods of managing 
construction projects. This is because the traditional methods of construction do not offer the 
simulating analysis of construction information such as scheduling and cost and time 
estimation. Moreover, the visual representation of construction projects through BIM 
advances the current practice of cost estimation (Lahdou and Zetterman, 2011, Eadie et al., 
2013) and resolves the issue of cost overruns through accurate scheduling and planning. 
Developing a higher degree of planning and scheduling offers a high level of coordination 
between the clients and other stakeholders (Ahmad, 2013, Andrew and David, 2014). Also, 
BIM ensures that the construction information is readily available and provide the opportunity 
for advanced communication in a construction project (Elmualim and Gilder, 2013, Succar et 
al., 2014).  However, advanced communication and information readiness support 
coordination between all stakeholders (Haron, 2013).  In the client’s perspective, it provides 
information for progress payments and advances decision-making process within a 
construction project (Tsai and Yang, 2010, Ibironke et al., 2013).  Therefore, this study 
assumes that BIM in public sector construction projects helps to analysis and manage delays 
in construction.   
Proposition 2: Using BIM will help to manage delays while reducing the errors of scheduling 
and estimating the time and cost associated with projects. 
Reducing the errors in the scheduling of construction activities is a critical task for project 
managers. On the broader view, a tiny error in scheduling can develop significant delays in 
the construction process. It is reported by Assaf, Al-Khalil and Al-Hazmi, (1995), Sweis et 
al., (2008), Ramanathan, Narayanan and Idrus, (2012),  that delays in construction process 
increase the cost and time associated with a project. There is some evidence that efficient 
sequencing of construction activities in BIM can help to avoid those delays. This is because, 
BIM offers the functionality of visualising those activities in a virtual project, whereas 
modifying those activities in a virtual project would cost far less against a real project. Recent 
researchers have suggested that BIM has demonstrated the potential to accurately sequencing 
the construction activities can help to manage the delays caused by the error of scheduling 
and that leads to lower the cost of a construction project. Based on this, this study assumes 
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that BIM could help to manage delays associated with the errors of scheduling and estimating 
the time and cost of projects originated by traditional ways of scheduling and estimating.      
Proposition 3: BIM in construction projects can help manage delays while advancing the 
current practice of cost estimation and resolving the issues of cost overruns that are linked to 
inaccurate scheduling and planning. 
Cost overruns have been a critical issue in construction projects. There is a growing body of 
evidence to suggest that BIM advances the cost estimation and helps to resolve the issue of 
cost overruns. There is some evidence to suggest that cost estimation requires the accurate 
sequencing of construction activities (Hergunsel, 2011, Masood, Kharal and Nasir, 2014). 
Many other scholars hold the view that cost overruns are the critical issue that is supported by 
the delays in construction (Mansfield, Ugwu and Doran, 1994a, Couto and Teixeira, 2007, 
Ramanathan, Narayanan and Idrus, 2012). Moreover, a delay can be avoided through efficient 
scheduling and planning for a project. However, according to many scholars in this field 
suggested improving communication between the clients, contractors and sub-contractors. 
The assumption here is that current issues of cost estimation and cost overruns in public sector 
construction can be resolved by employing BIM.   
Proposition 4: Adopting BIM in construction projects can help to manage delays while 
advancing communication and coordination between the client and other stakeholders. 
Recent studies suggest that adopting BIM in construction projects has advanced 
communication between the clients, contractors and sub-contractors. It has been reported by 
Elmualim and Gilder, (2013) that a higher degree of communication within a construction 
project has enhanced coordination between the stakeholders. It is evidenced, that advanced 
communication and improved coordination increases the flow of information and quicken 
construction processes through advanced decision-making (Dowsett and Harty, 2013, 
Elmualim and Gilder, 2013, Ibironke et al., 2013). Therefore, this study assumes that BIM in 
construction projects can improve communication and coordination between the client and 
other stakeholders that resolve delays in construction processes.     
Proposition 5: BIM in construction projects improves the visualisation of data and 
construction process that can help to mitigate the delay in progress payments by client and 
slowness in decision-making by the client. 
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Many recent researches evidence the slowness in progress payments  (Assaf, Ai-Khalil and 
Ai-Hazmp, 1995, Ramanathan, Narayanan and Idrus, 2012, Aditi, 2014) and in decision-
making by clients (Alaghbari et al., 2007, Khalid, 2011, Ghahramanzadeh, 2013, Aditi, 2014). 
Some recent study (Arayici, Egbu and Coates, 2012, Hammad, 2012) blamed that inadequate 
information about the construction progress and lack of communication and lack of 
coordination between the stakeholders is causing the delays in progress payments and 
decision making by clients (Toor and Ogunlana, 2008, Elmualim and Gilder, 2013, Ibironke 
et al., 2013). Some researchers suggested that the visual representation of construction in BIM 
through efficient planning and scheduling gave a wider view on cost estimation for clients. 
Moreover, advancing information readiness and communication through BIM has provided 
the opportunity for quicker decision-making and release of progress payments. Based on this, 
this study assumes that adopting BIM in public sector construction can mitigate delays of 
progress payments by client and slowness in decision-making by the client.  
Proposition 6: BIM in construction projects provides more accurate scheduling that can help 
to mitigate the underestimate of time and cost (Optimism Bias) in the public construction 
sector. 
Optimism bias in the construction industry was defined by Macdonald (2002) as the tendency 
to underestimate a project’s costs and duration. Thus, optimism bias is a measure, first, of the 
extent to which the actual cost and duration of a project exceed those estimated and, second 
the degree to which the project’s benefits that are delivered fall short of the benefits that were 
first estimated. The theory of optimism bias suggests that it is caused by a) mixture of the 
organisation of the decision-making process; and b) the strategic behaviour of those involved 
this process (Flyvbjerg et al., 2003). The author's experience of the KSA construction industry 
indicates that inaccurate planning and scheduling and lack of an appropriate check and 
balance system and the presence of a structured decision-making framework at strategic level 
could lead to optimism bias. These common causes of the delay in construction projects 
indicated that underestimate of time (Optimism Bias) evident in some projects in the three 
case studies. Involvement of BIM in the early stage of the project could help to overcome the 
optimism bias. BIM can provide more accurate scheduling and cost estimation Holness (2006); 
Farnsworth et al., (2015). 
As discussed in Chapter 3, BIM is considered as a unique paradigm for visual interactive 
modelling and simulation of construction projects. This Proposition is addressed with a view 
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that BIM has the potential to manage the unnecessary delays caused by the traditional methods 
of managing construction projects. Testing this Proposition through qualitative analysis aims 
to investigate how BIM would help the analysis and management of the delays in the 
construction projects. Moreover, this study establishes that the traditional methods of 
construction do not offer the simulating analysis of construction information such as 
scheduling and cost and time estimation. It also generalises the results to identify the main 
reason for ineffectiveness in the planning and scheduling of these construction projects; this 
will cause problems on other factors. In addition, BIM ensures that the construction 
information is readily available and provide the opportunity for advanced communication in 
a construction project. Based on the findings from the literature review, this study generalises 
the five delay factors that are some of them caused by the Optimism Bias and impacts on the 
construction project scheduling and project estimation.   
In the client’s perspective, it provides information for progress payments and advances 
decision-making process within a construction project. Resultant, this study assumes that BIM 
in public sector construction projects helps to reduce the optimism bias and increase efficiency 
in project scheduling, monitoring, and controlling that would help to manage delays in 
construction. In conjunction with the pre-established generalisation of five main type of 
delays in construction projects through literature review, the further generalisation will be 
made through the document analysis and the interviews. To generalise the delay factors the 
documents provided by the MOH, MOE and MOMRA is tabulated in Table 16 Table 17 and 
Table 18 to understand and analyse the type of delays and its frequency in different 
construction projects. based on the frequency of appearance in the construction projects within 
each case study, those delays factors related to the clients are ranked from high - low to 
validate the ranking of the five top most delays in projects of three case studies. Furthermore, 
the results from all the listed projects named case study documents are compared with each 
other to generalise the top five common factors based on the ranking. Nevertheless, the results 
from the document analysis are compared against the findings from the literature review and 
further the interviews and specifically the question number 5 of the interview that is to capture 
the respondent's experience, about the ranking of named five delay factors in order of 
difficulty or more impact on the completion of the project.  
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6.4.  Demographics 
This research is set to fulfil the aim of this study that is to examine a new approach to reducing 
and managing delays in KSA construction projects through BIM. The research aim clarifies 
that the research focus and research scope is the KSA. Therefore, this research scope is limited 
to the demographic region of KSA. Resultant the sampling strategy for cross-case analysis is 
also set to the KSA. As stated in the introduction Chapter, to fulfil the aim of the study it lays 
six Propositions that require validation.  
The Proposition given in section 6.2 above gives the methodologies of the data collection and 
the unit-of-analysis. All the three methods of data collections (Literature Review, archival 
analysis and interviews) are adapted to answer the Propositions. Therefore, based on the 
research aim, research Propositions, demography of case studies and the generalisation of 
results discussion; this study focus on the three case studies (MOE, MOH and MOMORA) 
and the respondents such as clients, consultants and contractors who often deals with BIM 
and the issues of delays in the construction projects.    
6.5.  Unit of Analysis  
The ability to identify what is the Unit-of-Analysis (UOA) for the case study is one of the 
significant challenges (Yin, 2014). Unit-of-analysis in the case study design represents the 
organisation or group, a single individual, an event, as well as the phenomenon in the case 
being studied (Darke, Shanks and Broadbent, 1998; Yin, 2014). To define the unit-of-analysis 
properly, it should be defined from the beginning of the research to ensure clarity of the frame 
of the case study (Fellows and Liu, 2008). Yin, (2014) suggested that a single Case Study can 
have multiple unit-of-analysis that are embedded in the Case Study. As discussed in Chapter 
5, section 5.6.3), this study has three cases MOH, MOE and MOMRA, and each a single Case 
Study has three unit-of-analysis (Clients, Consultants and Contractors). That is because of a 
cross-case analysis useful to generalise the results (Yin, 2014) and especially for this study to 
establish the rank order of top five types of delays and to generalise the Propositions through 
document analysis and interviews (as mentioned above).  
The reason for choosing multiple Case Study is because it offers many possibilities for critical 
analysis while comparing and contrasting in more than one case. Whereas, a single Case Study 
is employed to investigate a fresh phenomenon (Darke et al., 1998; Yin, 2014). The choice of 
a single Case Study is based on the level of access a researcher can have in an organisation to 
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investigate the case and the unit-of-analysis (Darke et al., 1998). In this study, the access level 
to research is negotiated for more than one unit-of-analysis (such as people and archive 
documents) that means that there is an opportunity to compare the results of two different type 
of unit-of-analysis and should adopt multiple case study approach. 
6.6.  Sampling Strategy and Saturation for Qualitative Data 
As discussed in the methodology Chapter section (5.4.2), a qualitative analysis is a process of 
selecting the representative group of cases from the relevant population. The relevant 
population and unit-of-analysis for the study are based on the three case studies and the total 
number of cases in each study. This study adopts a systematic process of selecting the 
representative group of cases. It starts by defining the relevant population for the study. 
Afterwards, the cases (MOH, MOE and MOMRA) from the public-sector organisations in the 
KSA is selected as the viable sampling frame. The reason for selecting those three 
organisations is that because of nature (large) and variety (Hospitals, Schools and Municipal) 
of construction projects. A sampling frame is the list of all the items that are a source of 
material in which the sample is drawn (Fellows and Liu, 1997). In a simple term, it is a list of 
groups (case studies) or individuals (in the case of organisations) in the target population. 
Defining the sampling strategy is important to save time and cost of the research (Fridah, 
2002). Different methods such as Random Sampling, Judgmental Sampling, Convenience 
Sampling are used for sampling (Kalra, Pathak and Jena, 2013). The bigger the sample, the 
more normal, the distribution of sampling means (central limit theory) and the more reliable 
and generalisable the findings (Hollander, Wolfe and Chicken, 2013).  
In a quantitative study sample size can be calculated systematically by the application of the 
standard formula. In which, the calculation of sample size depends on the size of the target 
population, acceptable margin of error, confidence level and response distribution. However, 
this study seeks qualitative analyses that typically require a smaller sample size for the 
interview analyses (Creswell and Clark 2007).  Moreover, the qualitative sample sizes should 
be substantial enough to capture relevant perceptions from the population (Patton 2002; Kalra, 
Pathak and Jena, 2013). Capturing the substantial amount of perceptions leads to the 
attainment of saturation (Patton and Appelbaum 2003; Creswell 2003).  In saturation, adding 
more participants to the study does not add extra value or information. The concept of 
saturation in qualitative studies is commonly used for achieving an appropriate sample size 
(Yin 2014).   
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In the qualitative study, there are no rules when identifying an appropriate sample size. The 
time frame, resources available and the study objectives are the best way to determine the 
sample size in the qualitative study (Patton, 1990). Moreover, the sample size is also limited 
by the time available for data-gathering (Baker and Edwards 2012). Nevertheless, as 
discussed above, this study is set to capture the perceptions about the client related delays in 
construction projects and to analyse the six Propositions established earlier require 
phenomenological study of structures of experienced respondents that can provide the first-
person point of view about the Propositions and the types of delay in the public-sector 
construction projects in the KSA. However, as a guideline, different scholars have suggested 
different numbers of participants for interviews to capture perceptions. For phenomenological 
studies, to meet the saturation the study requires a minimum of six interviews (Morse, 1994), 
also (Creswell, 1994) suggested between 5 to 25 interviews. Moreover, Baker and Edwards 
(2012) cited that, Adler (1995), advise to sample between 12 and 60. However, they argued 
that the number of interviews and reaching saturation depend on the experience of the 
respondents and the structure and number of questions asked to capture the perception. They 
concluded that a relatively few people, such as between 6 and 12, can offer valuable insights. 
Based on the above arguments, and accounting the sample size suggestions by Morse, (1994), 
Creswell, (1994) and Baker and Edwards (2012) to analyse the above-listed Propositions this 
study taken an optimistic approach to negotiating access for maximum 25 individuals (to meet 
saturation) in the case organisations (MOH, MOE and MOMRA). As discussed earlier, the 
individuals (such as clients, contractors, and consultants) were selected for interviews based 
on their year of experience, role in construction projects and their experience of using BIM. 
The quota sampling technique was employed to capture and measure the equal amount of 
perceptions about the delays and related Propositions. For that, the distribution of samples in 
each case organisation needed to be equal to meet the saturation. In a logical calculation:  
( 
𝑆𝑎𝑚𝑝𝑙𝑒 𝑠𝑖𝑧𝑒 
 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑎𝑠𝑒𝑠
 ) ÷ 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑈𝑂𝐴 
Is used to distribute even numbers across 3 case study organisations (MOH, MOE and 
MOMRA), three unit-of-analysis (Clients, Contractors and Consultants) and sample range 
between 5 to 25. The calculations are shown in Table 15 below. 
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Table 15: Sample Size Equally Distributed Quota 
Sample Size Case 
Organisations 
Unit-of-
Analysis 
Equal Distribution 
 = (Sample size/3)/3 
 
5 3 3 0.55 
 
6 3 3 0.66 
 
7 3 3 0.77 
 
8 3 3 0.88 
 
9 3 3 1 Equal Distribution 1 
10 3 3 1.11 
 
11 3 3 1.22 
 
12 3 3 1.33 
 
13 3 3 1.44 
 
14 3 3 1.55 
 
15 3 3 1.66 
 
16 3 3 1.77 
 
17 3 3 1.88 
 
18 3 3 2 Equal Distribution 2 
19 3 3 2.11 
 
20 3 3 2.22 
 
21 3 3 2.33 
 
22 3 3 2.44 
 
23 3 3 2.55 
 
24 3 3 2.66 
 
25 3 3 2.77 
 
 
The table presents only two equally distributed numbers could be either 1 or 2. If one (1) 
should be considered, then this study will only need nine interviews, and two will need 18 
interviews across three case organisations and individuals. Therefore, this study took the 
optimistic approach and chose to interview 18 individuals, 6 in each organisation (2x Clients, 
2x Contractors and 2x Consultants). Optimistic approach is also chosen because to meet the 
saturation taking nine interviews would not capture a substantial amount of perceptions. 
6.7.  Data Analysis Tools and Techniques 
As discussed in Chapter 5.6.3 multiple case studies used to collect the data. The Case Study 
Research usually employs interviews and observation techniques to collect data to serve a 
specific purpose (Yin, 2014). A Case Study method is a relatively cost-effective method and 
is typically carried out by a single researcher to seek specific and exciting information (Zainal, 
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2007) about the real-life situation such as client-related delays in public sector construction 
projects in the KSA. However, Case Studies are often viewed as a challenging and soft method 
regarding handling complex information through observation (Johansson, 2003). 
A Case Study is a report about a situation, group, person or organisation that is not yet studied 
(Yin, 2014). A case can be an individual, organisation, action or event in a given time (Yin, 
2008). However, in an abstract sense for this study, a Case Study Research is carried to 
investigate a modern phenomenon (Graham and Gary, 1980) of delays in construction projects 
that empirically enquiries a real-life context (Kalra, Pathak and Jena, 2013) such as 
Propositions listed above. In this enquiry multiple sources of evidence such as 3 case study 
organisations that aims to confine a real-life context of client related delays. This Case Study 
Research employs a variety of data sources that fall into the Qualitative data. The steps taken 
for case study research for this study are given in Figure 9 below. These steps discussed in 
detail in the following sub-sections.  
 
Figure 9: Case Study Research Process 
6.7.1.  Identify and Select Cases 
The first phase of a Case Study Research is to determine a solid research focus by constituting 
questions and ascertain the purpose of the investigation that is studied. As discussed earlier a 
Case Study can be an organisation, a person, or a group of individuals (Yin, 1994). The 
participants of the Case Study are likely to be connected with such as political, social, 
historical, and personal issues (Denscombe, 2007). Those participants can provide a range of 
answers that add complexity to the investigation. Therefore, for this study, an in-depth 
investigation is required to produce evidence that leads to knowledge development through 
solid answers to the research questions.  
Case Study Research asks questions with “how” or “why” that targets a limited number of 
events (Yin, 2014). A literature review assists in drafting the questions and determining the 
insightful questions about the problem. Carefully defined questions pinpoint the selection of 
Identify 
Access
Negotiate 
Access
Data 
Collection
Data 
Analysis
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cases to investigate the phenomenon and further to establish the methods of data collection 
and data analysis.  
6.7.2.  Negotiate Access 
Once the cases are selected, access to those cases will be negotiated. Negotiation is to 
determine the data collection and analysis techniques (Yin, 2003). The researcher needs a 
systematic approach to collect the solid evidence to ensure that the study is valid and reliable 
(Zainal, 2007). Therefore, it is essential for a researcher to negotiate to gain access to data 
especially in the situation such as access to multiple case studies (Yin, 2008), access to 
organisations and access to communities (Burawoy, 1998). Gaining access involves 
convincing people for the study and finding the people that provide concrete information 
about the study (Knight and Ruddock, 2008). It is an important task that requires strategic 
planning (Yin, 2008). This involves talking to participants and developing trust with them to 
attain rich data. Once access to an organisation or group is gained it needs renegotiating entry 
with people in the organisation such as agreeing to a deadline for data collection. 
6.7.3.  Data Collection 
A Case Study Research uses multiple sources to gather a large amount of qualitative data 
through interviews and archival analysis (discussed below). Handling a significant amount of 
data need planning (Miles and Huberman, 1984). The organisation of a large amount of 
qualitative data needs a system to prevent the researcher from losing focus on the original 
questions or the research purpose. Yin, (2014) suggested that the data needs categorising, 
sorting and storing, and later retrieving for analysis purpose. Therefore, Denscombe (2007) 
suggested a pilot Case Study, to explore the extent of the data, its organisation and to identify 
the relevant measures. 
6.8.  Analytical Tools and Instruments 
For the document analysis, this study adopts the mathematical techniques that are provided 
by PMI, PMBOK and APM (2017) which suggest the below-listed equations to be used as 
metrics for measuring and variations in cost and duration as well as overall performance of 
projects presented and discussed in more detail in Chapter 7.3. The below listed four equations 
are specifically used to calculate the different type of variances within the construction 
projects such as: Schedule Variance (SV) as shown in (Equation 1 below); Cost Variance 
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(CV) as shown in (Equation 2 below), Schedule Performance Index (SPI) in (Equation 3 
below) and Cost Performance Index (CPI) as represented by (Equation 4 below). The 
objective of CPI and SPI values is for them to be as far from 1.0 as possible, i.e. a CPI or SPI 
of 0.3 is preferable to a CPI/SPI of 0.7.  
 Schedule Varience= Actual Duration-Contracted Duration (1) 
 𝐶𝑜𝑠𝑡 𝑉𝑎𝑟𝑖𝑒𝑛𝑐𝑒 =  𝐴𝑐𝑡𝑢𝑎𝑙 𝐶𝑜𝑠𝑡 − 𝐶𝑜𝑛𝑡𝑟𝑎𝑐𝑡𝑒𝑑 𝐶𝑜𝑠𝑡 (2) 
 
Schedule Performance Index =
Contracted Duration 
Actual Duration
   
(3) 
 
Cost Performance Index =
Contracted Cost
Actual Cost
   
(4) 
 𝐴𝑐𝑡𝑢𝑎𝑙 𝐷𝑢𝑟𝑎𝑡𝑖𝑜𝑛 =  𝐶𝑜𝑛𝑡𝑟𝑎𝑐𝑡𝑒𝑑 𝐷𝑢𝑟𝑎𝑡𝑖𝑜𝑛 +  𝐴𝑑𝑑𝑖𝑡𝑖𝑜𝑛𝑎𝑙 𝐷𝑢𝑟𝑎𝑡𝑖𝑜𝑛 (5) 
 𝐴𝑐𝑡𝑢𝑎𝑙 𝐶𝑜𝑠𝑡 =  𝐶𝑜𝑛𝑡𝑟𝑎𝑐𝑡𝑒𝑑 𝐶𝑜𝑠𝑡 +  𝐴𝑑𝑑𝑖𝑡𝑖𝑜𝑛𝑎𝑙 𝐶𝑜𝑠𝑡 (6) 
 
With regards to the interviews analysis, the qualitative data analysis is the process of 
examining something to find out what it is and how it works (Patton, 2002). Patton (2002) 
suggested that the method of qualitative analysis not be well formulated. However, in general, 
the scholars such as Graham and Gary (1980); Farrell (2011) and Creswell and Clark (2007) 
there are four steps of data analysis, reduction, coding, display and conclusion. Therefore, a 
study approach to Qualitative data analysis that requires a good deal of explicit structure. This 
Qualitative analysis follows a formal system of reasoning that discuss the logical arguments 
on the delays in the construction (Strauss and Corbin, 1998). This study employs NVivo 
application for data analysis that includes a systematic procedure of data reduction, coding, 
display and conclusion as shown in below Figure 10.   
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Figure 10: Qualitative Data Analysis Process 
6.8.1.  Data Reduction 
The first step in the analytical process involves the abstraction of textual data through sorting, 
focusing, discarding and organising large segments of data into manageable forms. Data 
reduction is essential to avoid data overload, due to the large amounts of data. In data 
reduction, choices are made on exactly what data is essential for the study and to mark the 
important data. The choices of data reduction or the important data are guided by the study 
questions, issues or topic. The data reduction process requires, reading data, mark data and 
code the data; showed below in Figure 11. Coding is a common aspect of data reduction. 
 
Figure 11: Data Reduction Process 
6.8.2.  Coding  
Data coding is considered as a sub-process of data reduction. It had become a basis for 
developing the Qualitative data (Graham and Gary, 1980). Coding can be done in some ways 
such as assigning abbreviation, number, colour or symbol applied to a segment of words, 
sentence or paragraph of transcribed field notes, to classify the words (Einspruch, 2005; 
Read Data Mark Data Code Data
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Farrell, 2011). It can also be done by colour coding different categories or by cutting text 
segments and placing them on notes card (Farrell, 2011). Denscombe (2007) suggested that 
coding is the primary process of developing and sorting concepts from the data and assign 
meaning to a piece of information. It is a way to integrate significant themes while labelling, 
compiling and organising the data. Moreover, for the qualitative data analysis, codes can allow 
the researcher to spot summarise and synthesise (Field, 2013), what is happening in the data. 
For this study, the coding could help to pull out the segments relating to the particular 
perceptions and causes of delay set earlier in this study.  
There are two types of coding, initial coding and focused coding (Graham and Gary, 1980).  
Graham and Gary (1980) suggested that initial coding is the starting point of generating 
numerous codes while reading the data and the focused coding is the review of initial codes 
and eliminates the less useful codes. Focused coding concentrates on an essential issue, topics 
or questions. 
6.8.3.  Data Display 
Displaying the data through narrative text alone is considered a weak form of display. This 
Qualitative data analysis adopts techniques such as matrices, charts, figure and checklists that 
exhibit essential features in the data. Data display techniques will help to represent 
information systematically. Techniques also help to present a strong case and demonstrate a 
higher chance of drawing and verifying valid conclusions. This study contends that Data 
display is an organised way of compressing information and assembling in a way to conclude. 
Therefore, display techniques are used to show systematic patterns and interrelationships in 
the data. The data display will also reveal any new connections and themes originated from 
the data analysis that was not noticed during the literature review of this study or other studies. 
Data display is also used to demonstrate inter-case or cross-case analysis such as similarities 
or comparisons and draw conclusions. To display the data, this study will employ different 
applications such as NVivo, Microsoft Visio, Microsoft Word (SmartArt) and Microsoft 
PowerPoint for visual presentation. 
6.8.4.  Conclusion Drawing and Verification  
Conclusion drawing and verification is the final stage of the data analysis process. The process 
involves identifying (noting) patterns in the data to seek explanations and to draw the 
necessary conclusions. As suggested by, Graham and Gary (1980) and Einspruch (2005) the 
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conclusion of data analysis relies heavily on logical evaluation and systematic description. 
Moreover, the conclusion could be a combination of more than one type of analysis as using 
just one form of analysis would be a weak form of drawing the conclusion (Miles and 
Huberman, 1984).  
Descriptive analysis is to represent the data, to describe what the researcher has seen in the 
data (Miles and Huberman, 1984). In the causal analysis, research tries to logically link the 
different concepts in the data to explain the given rationale behind the meanings of the 
phenomenon of the data (Miles and Huberman, 1984). Both ways are used to represent what 
the researcher sees in the data. However, as discussed earlier, this study is to investigate the 
phenomenon about the Propositions and client-related factors of delay, jointly both type of 
analysis gives the opportunity to establish a relation, association, a mechanism or a context 
between the codes.  
While drawing conclusion and verification, a researcher must refer to data display, and raw 
data (through cross-references) as descriptions or casual settlements are made. This is the 
stage where the effort of researcher for data collection and data analysis stages pays off. A 
systematic, organised and efficient coding and data collection leads to efficient and accurate 
access to the data and finally the conclusion. However, a conclusion with an accurate 
description and causal statements demands an extended effort of the researcher.  
A researcher must be attentive to patterns and themes that are originating from the data. A 
researcher should understand contrasting and compare the themes and patterns. A researcher 
should also look for disconfirming information or negative evidence to refine the data 
collection and analysis strategy at the next stages to resolve disconfirmations. A researcher 
also needs skills for identifying clustering, systematic relationships, causality and any 
intervening variables. 
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Chapter 7 Documentations (Archival Analysis and Results) 
7.1.  Introduction  
This Chapter focuses on the document analysis of data gathered from the three case studies. 
The document analysis focuses on the investigation of archived documents gathered from 
completed projects. The goal of the archive document analysis is to identify and rank the type 
of delays and to investigate the relationship between the types of delay and the increase in the 
cost and duration of the completed projects. Document analysis in this study focuses on the 
client related delay factors presented by each case organisation. Firstly, the client related delay 
factors are ranked based on the frequency of appearance in the construction projects within 
each case study. Secondly, the data is further scrutinised to understand the escalation in project 
duration and cost, and specifically, the relationship between the increase in project duration 
and increase in project cost is then applied across the three case studies with a total number 
of 37 construction projects involved. Finally, the outcomes are generalised for each case study 
with further generalisations being extended in the cross-case analysis. 
7.2.  Document Analysis  
The outcome of the archive documents collected from the case study organisations, Ministry 
of Health (MOH), Ministry of Education (MOE) and Ministry of Municipal and Rural Affair 
(MOMORA) are summarised in Table 16, Table 17 and Table 18 below. A total of 37 projects 
are analysed from these three organisations. Archive documents were obtained from 14 
projects for the MOE, 12 projects from MOH and as well as 11 projects from MOMORA. 
The common data about the main factors of delay by clients as well as the impact of those 
delays on the cost and time of the project is collected. The data provides an opportunity to 
generalise the common results in terms of ranking of the delays and with respect to the 
Propositions of this study. Data obtained was formatted in the table to include: Project Name, 
Region, Project Size, Cost, Start Date, Finish Date, Additional Cost, Additional Time, and 
Causes of the delays. Furthermore, the BIM level applied in each project is also extracted to 
give insights into the level of sophistication or maturity of BIM used.
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Table 16: Ministry of Health 
NO Project name Region 
Clinical 
Capacity 
(beds) 
project cost 
(SR) 
Start Date 
contract 
period 
(months) 
Finish date 
Additional 
time (months) 
Additional cost 
(SR) 
BIM level1&2 Client-
related 
causes of 
delay 
2D 3D 4D 5D 
1 
Abqaiq General 
Hospital 
East 
region 
100 134,128,792 04/02/2012 36 01/01/2015 11 39,259,323.15 ✓    1, 2, 3 
2 
Aljmom General 
Hospital 
Makkah 100 225,410,765 16/06/2012 24 25/05/2014 16 70,307,463.45 ✓    2, 3 
3 
Maternity & 
Children's Hospital 
Hail 200 392,000,000 09/06/2012 36 01/05/2015 25 9,485,951.00 ✓    1,3, 4 
4 
Maternity & 
Children's Hospital 
Tabuk 200 390,000,000 18/06/2012 36 16/05/2015 17 69,264,402.54 ✓    1, 2, 3 
5 
Miqat General 
hospital 
Medina 300 416,292,960 17/06/2012 24 26/05/2014 13 82,030,685.40 ✓    1, 2, 3, 6 
6 
Tower Medicine in 
Iman hospital 
Riyadh 200 222,766,616 25/06/2012 36 23/05/2015 12 22,276,660.75 ✓    1,3, 6,7 
7 
Emergency tower at 
King Salman 
Hospital 
Riyadh 200 157,280,793 22/06/2012 24 31/05/2014 18 105,367,247.44 ✓    2, 3,6,7 
8 
Medical Tower for 
childbirth and 
children 
Jeddah 400 378,652,682 09/09/2012 36 07/08/2015 12 53,030,068.10 ✓    1, 2, 3,7 
9 
Al Takhassusi 
Hospital  
Jazan 500 719,028,164 10/09/2012 36 08/08/2015 14 119,068,840.37 ✓    2,3,6 
10 
Rmah General 
Hospital  
Riyadh 50 35,000,000 12/08/2013 36 27/07/2016 6 5,203,993 ✓    3,7 
11 GP Kabshan Dwadmi GP 2,885,207 04/042015 24 15/04/2017 2 208,520 ✓    1,3,6 
12 Halaban Hospital Riyadh 50 28,500,000 27/07/2015 24 26/07/2017 2 2,757,000 ✓    3,6 
1 = Errors in design; 2 = Delay in progress payment; 3 = Change order and delay in approving it; 4 = Lack of finance to complete the work by client; 5= Soil condition issues 6= Poor communication between the 
project parties. 7= Ineffective planning and scheduling of project. 2D= Standard CAD with non-parametric 3D= Parametric BIM objects 4D= Scheduling based on 3D. 5D= cost based on 3D&4D. 
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Table 17: Ministry of Education 
NO Project name Region Classes/pupils 
project cost 
(SR) 
Start Date 
contract 
period 
(months) 
Finish date 
Additional 
time (months) 
Additional 
cost (SR) 
BIM level1&2 Client-
related 
causes of 
delay 
2D 3D 4D 5D 
1 
Primary and 
secondary school 
almonasiah 
Jeddah 2*(20/600) 17,840,270 18/07/2009 24 26/06/2011 3 800,000 ✓    2,3 
2 secondary school (12) Riyadh 20/600 4,600,888 12/07/2007 20 21/02/2009 4 500,000 ✓    4,5,6 
3 Secondary school (8) Al Medina  20/600 4,244,442 23/11/2008 20 08/06/2009 3 450,000 ✓    1,2,3,4 
4 Alshifa School Dammam 17/680` 6,403,774 23/11/2008 20 05/07/2010 14 750,000 ✓    5,6 
5 
Schools combined 
Alagrabi 
Riyadh 3*(17/680) 21,996,614 30/07/2009 24 08/07/2011 6 1,201,900 ✓    2,3,4 
6 
Secondary school in 
Twiaq 
Riyadh 22/860 6,662,592 14/09/2009 22 26/06/2011 2 250,000 ✓    4,5,6 
7 
The Office of 
Educational 
Supervision 
Al-Qassim Medium project 6,320,604 15/02/2009 20 27/09/2010 6 1,205,000 ✓    3,5 
8 
Al gasser secondary 
school   
Riyadh 22/860 8,445,246.00 29/09/2009 22 10/07/2011 6 745,525.60 ✓    6 
9 
Schools combined 
alkhadeer 
Tabuk 3*(18/540) 24,840,162 07/11/2009 24 16/10/2011 3 350,000 ✓    2,3,4 
10 
King Abdul Aziz  
combined School 
Boys 
Riyadh 
Primary+ 
Intermediate+ 
Secondary  
22,316,052 21/03/2008 24 21/03/2010 6 2,135,500.20 ✓    5,6 
11 
Khyber Schools 
combined 
Khyber 
Primary+ 
Intermediate+ 
Secondary 
22,226,629 22/12/2013 24 12/12/2015 13 2,225,600 ✓    1,3 
12 
Alsahafah Schools 
combined 
Riyadh 3*(18/540) 23,997,770 22/01/2010 24 10/12/2011 3 350,000 ✓    3,6 
13 
Al-Artawiah 
combinded school 
Al- 
Majmaah 
Intermediate+ 
Secondary 
13,838,347 25/10/2010 24 20/10/2012 7 1,225.834.7 ✓    3,4 
14 
Expanding the 
Faculty of Dentistry 
for Female Students 
Riyadh Medium project 64.947.000 21/01/2007 54 18/08/2014 15 54,947,000 ✓    3,4 
1 = Errors in design; 2 = Delay in progress payment; 3 = Change order and delay in approving it; 4= Poor communication between the project parties 5= Ineffective planning and scheduling of project 6= Delay in 
approving the amended bill of quantities. 2D= Standard CAD with non-parametric 3D= Parametric BIM objects 4D= Scheduling based on 3D. 5D= cost based on 3D&4D 
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Table 18: Ministry of Municipal and Rural Affair 
No Project name Region 
project cost 
(SR) 
Start Date 
contract 
period 
(months) 
Finish date 
Additional 
time (months) 
Additional cost 
(SR) 
BIM level1&2  Client-related 
causes of 
delay 2D 3D 4D 5D 
1 
Avoiding the dangers of floods and storm 
water drainage for municipalities 
(Dawadmi / Bajadiya / Arwa) 
Riyadh 7.521.215 18/07/2009 22 26/06/2011 3 745,121.50 ✓    2,3 
2 
Development of the Pedestrian Passage 
(Second Stage). 
Makkah 9,796,974.00 06/03/2016 12 01/02/2017 5 920,697 ✓    2,3,4 
3 
Asphalting and sidewalks and lighting for 
the Taif and its villages (group I). 
Al Taif  91,955,970 30/10/2015 24 25/10/2017 6 9,200,597 ✓    1,2,3,4 
4 
Asphalting, pavements and lighting for 
the Secretariat and the municipalities in 
Najran 
Najran 87,659,325 17/02/2015 36 15/02/2018 16 7,765,935.50 ✓    4,5 
5 Municipality of Najran Najran 10,458,028.00 31/05/2016 24 22/05/2018 4 1,032.845.8 ✓ ✓   2,3,4 
6 Municipality of Rass 
Al-  
Qassim 
6,662,592 14/09/2009 22 26/06/2011 2 655,259.20 ✓    2,3 
7 Al-Basra Park 
Al-  
Qassim 
9,468,634 30/12/2015 24 28/12/2017 3 930,763 ✓    2,4,5 
8 Prince Sultan Cultural Center 
Al-  
Qassim 
25,000,000 27/01/2015 24 20/01/2017 6 1,500,000 ✓    1,2,3 
9 
Development project of the Southern Al-
Saif Corniche (Phase I) 
Jeddah 70,207,305 01/10/2015 16 01/02/2017 5 6,920,730 ✓    2,3,4 
10 Development of the Heritage Village Al Baha 8,835,20 11/05/2014 12 21/05/2015 3 500,000 ✓    2,4 
11 Building a bridge on Wadi Adlam Adlam 12,798,288 07/01/2015 16 10/06/2016 2 1,179,928 ✓ ✓     5 
*1 = Delay in progress payment; 2= Change order and delay in approving it; 3= Poor communication between the project parties 4= Ineffective planning and scheduling of project 5= site problems as well as delays 
in starting projects. *2D= Standard CAD with non-parametric 3D= Parametric BIM objects 4D= Scheduling based on 3D. 5D= cost based on 3D&4D. 
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7.2.1. Document Analysis Ministry of Health (MOH) 
The data from MOH (in Table 16) is a representation of the 12 large construction projects in 
the different regions of the KSA that were completed between 2014 and 2017. The average 
clinical capacity of those project is 210 beds. Table 19 below reveals the ranking of client 
related causes of delay in these MOH Projects. In this case, the causes of delays are ranked 
based on their frequency of the appearance in the project documents. 
Table 19: Rank Order of Client Related Cause of Delays in MOH Projects 
No Client Related Cause of Delay in MOH Projects Frequency 
1 Change order and delay in approving it 12 
2 Progress payment 7 
3 Errors in design 7 
4 Poor communication between the project parties 6 
5 Planning and scheduling of project 4 
6 Finance to complete the work by client 1 
 
The main cause of the delay was ‘change order and delay in approving it’ by the client because 
the client had issued a change order for all 12 projects. The second main cause of client related 
delay is recorded as ‘progress payments’ and ‘error in design’ that has impacted the cost and 
duration of seven projects. ‘Poor communication between the project parties’ is found to be 
the third type of client related delays that affected the project cost and duration. Furthermore, 
‘ineffective planning and scheduling of the projects’ were identified as a cause of delay in 
four projects whereas, ‘the lack of finance’ was the issue in only one project. 
The above analysis of delays further provides the foundation for examining the rise in the 
duration of the construction projects. In the analysis below (Figure 12), the data reveals that 
due to the client related delays, all 12 projects were delayed with an average of 40% additional 
time. The graph represents the comparison of the contract period and additional time expended 
on the project because of the client related causes of delays. As suggested earlier from 
literature (Chapter Two, Section 2.2) and supported by the data below, the extended duration 
has a direct impact on the cost of the project. In some projects, the increase in duration has 
been as high as 75% for which the main causes of client related delays were: ‘delay in payment 
by the client’; ‘change order and delay in approving changes’; poor communication between 
the project parties; and ‘ineffective planning and scheduling’. 
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There are a few inferences that can be drawn from the data collected above. With an average 
of 12 months’ additional time, it could be argued that the average project is delayed – or 
perhaps that the time required to complete the average project is underestimated. This evokes 
the concept of optimism bias because Project #6 and #7 are both in Riyadh, of similar 
size/capacity and commenced at the same time – yet have significant differences in their 
duration. This concept will be revisited specifically later on (Chapter 9 Section 9.8). 
 
Figure 12: Rise in Duration in MOH Projects 
The data from document analysis subsequently reveals that there is a direct impact on the rise 
in the duration of the project on the final cost of the project which is always an increment. 
The data from  Figure 13, shows that there is an average of a 20% rise in the cost of projects 
across all 12 projects studied. In summary, the client related delays in construction projects 
for MOH has led to increasing their duration by an average of 40% and with an average cost 
increase of 20%. 
Project 
No 
Contract 
period 
(months) 
Additional 
time 
(months) 
% Rise 
in 
Project 
Duration 
1 36 11 31 
2 24 16 67 
3 36 25 69 
4 36 17 47 
5 24 13 54 
6 36 12 33 
7 24 18 75 
8 36 12 33 
9 36 14 39 
10 36 6 17 
11 24 2 8 
12 24 2 8 
AVG 31 12 40 
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 Figure 13: Rise in Cost of MOH Project 
The above analysis establishes the extent to which client related delays have increased both 
the duration and cost of the construction projects in MOH. Figure 14 below compares the 
relationship between the percentage rise in duration and percentage rise in the cost of the 
MOH projects. The visual (graphical) representation of the data reveals a similar trend in 
duration cost increments even though the specifics of client related delays differ in each 
project. 
Figure 14: Relationship Between Rising in Duration and Rise in Cost of MOH Projects 
It can be deduced that the case of MOH projects, all 12 construction projects have client 
related delays in which, ‘the change order and delay in approving the changes’ by the client 
is the foremost factor of delay. Although, ‘the delay in progress payment’ is the second cause 
of the client related delay and the documents analysed do not clarify the specific reasons 
behind the delay in issuing  payments, it could be postulated that it originates from ineffective 
planning and scheduling or ‘error in design’ could lead to ‘the changes in design’ which then 
Project No % Rise in Cost % Rise in Duration 
1 29 31 
2 31 67 
3 2 69 
4 18 47 
5 20 54 
6 10 33 
7 67 75 
8 14 33 
9 17 39 
10 15 17 
11 7 8 
12 10 8 
AVG 20 40 
 
Project 
No 
Project cost  Additional cost  
% Rise 
in the 
Cost  
1 134,128,792 39,259,323.15 29 
2 225,410,765 70,307,463.45 31 
3 392,000,000 9,485,951.00 2 
4 390,000,000 69,264,402.54 18 
5 416,292,960 82,030,685.40 20 
6 222,766,616 22,276,660.75 10 
7 157,280,793 105,367,247.44 67 
8 378,652,682 53,030,068.10 14 
9 719,028,164 119,068,840.37 17 
10 35,000,000 5,203,993 15 
11 2,885,207 208,520 7 
12 28,500,000 2,757,000 10 
Average 258,495,498 48,188,346 20 
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delays project progress and raises the cost of the project. This matter shall be explored in 
detail using the interview data collected from experts involved in these specific projects. 
7.2.2.  Document Analysis Ministry of Education (MOE) 
The data from MOE (see the Table 17) is a representation of the 14 construction projects in 
the different regions of the KSA. The rank order of client related delays is analysed for those 
14 projects is given in Table 20 below. The data analysis reveals six types of delays in which 
an additional type - ‘Delay in approving and amending the bill of quantity’ - is introduced. 
Similar to the MOH construction projects ‘change of order and delay in approval of change’ 
is the foremost client related cause of delay in MOE construction Projects. ‘Poor 
communication between project teams’ was the second client-related cause of the delay. 
However, ‘Delay in approving and amending the bill of quantity’ is seen as the third client 
related cause of the delay. Furthermore, ‘ineffective planning and scheduling of project’ 
ranked four, ‘delay in progress payments’ ranked five and ‘error in design’ ranked six. 
Table 20: Rank Order of Client Related Cause of Delays in MOE Projects 
No Client Related Cause of Delay in MOE Projects Frequency 
1 Change order and delay in approving it 9 
2 Poor communication between the project parties 7 
3 Delay in approving the amended bill of quantities 6 
4 Ineffective planning and scheduling of project 5 
5 Delay in progress payment 4 
6 Errors in design 2 
 
 For the MOE, there is found to be an average of 25 months contract period, with an average 
increase in project duration of 7 months equating to an overall average rise of 26% in project 
duration (Figure 15) among the 14 projects investigated. The largest rise in project duration 
was up to 70% additional time (Project # 4), for which the relevant client related delay factors 
are: ‘ineffective planning and scheduling of project’ and ‘delay in approving the amended bill 
of quantities’ – both of which ranked 3 and 4 in MOE projects list. On the other hand, the 
smallest rise in project duration was recorded as 9% in Project # 6, where ‘poor 
communication between project parties’ contributed along with ‘ineffective planning and 
scheduling of project’ and ‘delay in approving the amended bill of quantities’.  
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Figure 15: Rise in Duration in MOE Projects 
With respect to cost, a 14% rise in the average cost of MOE projects was calculated for the 
14 projects. The minimum rise in project cost was recorded as 1% of the total project cost 
(Project # 12) for which the cause was ‘delay in approving and amending the bill of 
quantities’, whereas the maximum rise is calculated as 85% (Project # 14) where the cause of 
the delay was linked to: ‘change order and delay in approving it’ and ‘poor communication 
between the project parties (see Figure 16) below. 
 
Figure 16: Rise in Cost in MOE Projects 
 The relationship between the percentage rise in duration and percentage rise in cost is 
compared to investigate any patterns. The graph presented in below Figure 17 presents a near 
Project No 
contract period 
(months) 
Additional 
time (months) 
% Rise in 
Duration 
1 24 3 13 
2 20 4 20 
3 20 3 15 
4 20 14 70 
5 24 6 25 
6 22 2 9 
7 20 6 30 
8 22 6 27 
9 24 3 13 
10 24 6 25 
11 24 13 54 
12 24 3 13 
13 24 7 29 
14 54 15 28 
AVG 25 7 26 
 
Project No 
% Rise in 
Duration 
% Rise in Cost 
1 13 4 
2 20 11 
3 15 11 
4 70 12 
5 25 5 
6 9 4 
7 30 19 
8 27 9 
9 13 1 
10 25 10 
11 54 10 
12 13 1 
13 29 9 
14 28 85 
AVG 26 14 
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identical trend in the relationship between the rise in project duration and cost among the 14 
MOE projects. 
 
Figure 17: Relationship Between Rising in Duration and Rise in Cost of MOE Projects 
The relationship between the rise in the duration of the project and cost of a project executed 
by MOE is similar to the trend observed for MOH. However, in the case of MOE, the 9 out 
of 14 projects have ‘change of order and delay approval to change’ as the main cause of the 
client related delay. The delay in approval to change the order could be because of the ‘poor 
communication between the parties’ that is ranked second among the client related delay in 
the MOE. Furthermore, poor communication would also lead to the ‘delay in approving the 
amended bill of quantity’. 
7.2.3. Document Analysis Ministry of Municipal and Rural Affair (MOMRA) 
The data from archived documents collected from MOMRA for analysis covers 11 
construction projects (see Table 18), including their: duration, additional duration, cost of the 
project and additional cost and the client related delay factors. In Table 21 below it was 
established that in nine out of eleven projects, ‘change order and delay in approving the order’ 
was the most common type of client related delay. Furthermore, in seven out of eleven cases, 
the second joint causes of the delay are ‘poor communication between the project parties’ and 
‘ineffective planning and scheduling of the project’. Only two projects account ‘delay in 
progress payment’ as a cause of the client related delay in MOMRA construction projects. 
 
Project No 
project cost 
(SR) 
Additional 
cost (SR) 
% Rise in 
Cost 
1 17,840,270 800,000 4 
2 4,600,888 500,000 11 
3 4,244,442 450,000 11 
4 6,403,774 750,000 12 
5 21,996,614 1,201,900 5 
6 6,662,592 250,000 4 
7 6,320,604 1,205,000 19 
8 8,445,246.45 745,525.60 9 
9 24,840,162 350,000 1 
10 22,316,052 2,135,500.20 10 
11 22,226,629 2,225,600 10 
12 23,997,770 350,000 1 
13 13,838,347 1,225,834.70 9 
14 64,947,000 54,947,000 85 
AVG 17,762,885 4,795,454 14 
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Table 21: Rank Order of Client Related Cause of Delays in MOMRA Projects 
No Client Related Cause of Delay in MOMRA Projects Frequency 
1 Change order and delay in approving it; 9 
2 Poor communication between the project parties 7 
3 Ineffective planning and scheduling of project 7 
4 Site problems as well as delays in starting projects 3 
5 Delay in progress payment 2 
 
 The above-mentioned client related causes of delay in MOMRA construction projects have 
contributed to the rise in project duration by an average of five additional months – or by up 
to 23% (see below Figure 18). In a comparison of the contracted duration and additional time, 
a similar trend has been revealed in the graphical representation. This shows that as previously 
observed in MOH and MOE, the 11 projects of MOMRA also seem to experience significant 
underestimating of project duration (optimism bias) suggesting that project planning and 
scheduling were ineffective. Specifically, the highest percentage rise in duration is recorded 
as 44% (Project # 4) and was due to ‘Ineffective planning and scheduling of project’, as well 
as ‘site problems’ and ‘delays in starting projects’. These all point to the failure to plan or 
account for external factors that affect the timely execution of the construction works. 
Moreover, the lowest rise in duration was 9% (Project # 6) and was linked to ‘change order 
and delay in approving it, as well as ‘poor communication between the project parties’. 
 
Figure 18: Rise in Duration in MOMRA Projects 
The rise in the duration of MOMRA construction projects has contributed to the average rise 
in cost by 14% in which 57% is recorded as the highest rise (Project # 10) and 6% as the 
Project 
No 
contract period 
(months) 
Additional 
time (months) 
% Rise in 
Duration 
1 22 3 14 
2 12 5 42 
3 24 6 25 
4 36 16 44 
5 24 4 17 
6 22 2 9 
7 24 3 13 
8 24 6 25 
9 16 5 31 
10 12 3 25 
11 16 2 13 
AVG 21 5 23 
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lowest increase as found in Project # 8 (see below Figure 19). Client-related delay factors, 
‘change order and delay in approving change’ and ineffective planning and scheduling were 
the main contributing factors in the project with the highest rise in cost. 
 
Figure 19: Rise in Cost in MOMRA Projects 
The relationship between the rise in the duration of the project and rise cost is presented in 
below Figure 20. The relationship between the rise in duration and the rise in the cost of 
MOMRA projects is found to be an irregular pattern or not following the kinds of trends found 
in MOH and MOE projects. One explanation for the different trends between duration and 
cost in MOMRA could be the sheer variety of construction projects. In some projects, the rise 
in duration was very high, but in proportionate the rise in the cost is recorded low. 
 
Figure 20: Relationship Between Rising in Duration and Rise in Cost of MOMRA Projects 
Overall, in MOMRA construction projects, the increase in project cost linked to client related 
delay factors is recorded as relatively low with the 23% average rise in project duration and 
Project 
No 
project cost (SR) 
Additional 
cost (SR) 
% Rise in 
the Cost 
1 7,521,215 745,121.50 10 
2 9,796,974.00 920,697 9 
3 91,955,970 9,200,597 10 
4 87,659,325 7,765,935.50 9 
5 10,458,028.00 1,032,845 10 
6 6,662,592 655,259.20 10 
7 9,468,634 930,763 10 
8 25,000,000 1,500,000 6 
9 70,207,305 6,920,730 10 
10 883,520 500,000 57 
11 12,798,288 1,179,928 9 
AVG 30,219,259 2,850,171 14 
 
Project 
No 
% Rise in 
Duration 
% Rise in the 
Cost 
1 14 10 
2 42 9 
3 25 10 
4 44 9 
5 17 10 
6 9 10 
7 13 10 
8 25 6 
9 31 10 
10 25 57 
11 13 9 
AVG 23 14 
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just 14% average rise in the cost of projects. Nevertheless, the document analysis of MOMRA 
projects reveals that change order and delay in approving the changes, poor communication 
and ineffective planning are the high-ranking client related delay factors that contributed to 
the rise of duration and the cost of the construction projects. 
7.3.  Generalised Conclusions of Document Analysis 
Through the document analysis of three case studies (MOH, MOE and MOMRA) with a total 
of 37 construction projects a total of eight clients related cause of delays are recorded. The 
rank order of cause of client related delays of all 37 construction projects establishes that the 
‘change order and delay in approving it’ is the common and foremost cause that affected the 
significantly high number of projects (30) which equates to over 80% of the total projects (see 
below Table 22). 
Table 22: Rank Order of Client Related Cause of Delays in All Case Study Projects 
No Client Related Cause of Delay in All Projects Frequency Proportion 
1 Change order and delay in approving it; 30 81% 
2 Poor communication between the project parties 20 54% 
3 Ineffective planning and scheduling of project 20 54% 
4 Delay in progress payment; 20 54% 
5 Errors in design; 11 30% 
6 Delay in approving the amended bill of quantities 6 16% 
7 Site problems as well as delays in starting projects 3 8% 
8 Finance to complete the work by the client; 1 3% 
 
Three factors jointly ranked second: ‘Poor communication between the project parties’, 
‘ineffective planning and scheduling of project’ and ‘delay in project payment’ – each of 
which is present in around 54% of the total projects. Moreover, about 30% of 37 projects were 
affected by the ‘error in design’ that was ranked as #3. These common causes of the delay in 
construction projects strongly suggest that underestimating of time (Optimism Bias) is 
obvious in many of the projects represented in the three case studies. However, as discussed 
earlier, it should be understood that there can be a knock-on effect between these factors, i.e. 
ineffective project planning and scheduling leads to other causes of delay such as poor 
communication between the project parties, error in design and delay in progress payment. In 
other words, although ‘Ineffective planning and scheduling of project’ ranks second, in 
reality, it has a much greater influence on other factors, so its impact may be much greater 
than the highest ranked cause of delay (Change order and delay in approving it).   
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The magnitude of the rise in cost between MOH, MOE and MOMRA projects is compared in 
Table 23. In this table, the total eleven projects are taken from each case study to give equal 
representation to all cases for comparison. Besides, the case study for MOMRA has data 
available for 11 projects only. It would be improper to pitch these projects with other case 
studies that have higher numbers (such as 12 projects for MOH and 14 projects for MOE) in 
order to calculate overall (cross-case) variances and average values. 
As discussed earlier in Chapter six (see 6.8 above), one technique that can be used has been 
provided by PMI, PMBOK and APM (2017) which suggest the below-listed equations to be 
used as metrics for measuring and variations in cost and duration as well as overall 
performance of projects. These equations are specifically used to calculate the different type 
of variances such as: Schedule Variance (SV) as shown in Equation 1; Cost Variance (CV) as 
shown in Equation 2, Schedule Performance Index (SPI) in Equation 3 and Cost Performance 
Index (CPI) as represented by Equation 4. These parameters are also given in below Table 23 
and Table 24. The objective of CPI and SPI values is for them to be as far from 1.0 as possible, 
i.e. a CPI or SPI of 0.3 is preferable to a CPI/SPI of 0.7: 
 Schedule Varience= Actual Duration-Contracted Duration (1) 
 𝐶𝑜𝑠𝑡 𝑉𝑎𝑟𝑖𝑒𝑛𝑐𝑒 =  𝐴𝑐𝑡𝑢𝑎𝑙 𝐶𝑜𝑠𝑡 − 𝐶𝑜𝑛𝑡𝑟𝑎𝑐𝑡𝑒𝑑 𝐶𝑜𝑠𝑡 (2) 
 
Schedule Performance Index =
Contracted Duration 
Actual Duration
   
(3) 
 
Cost Performance Index =
Contracted Cost
Actual Cost
   
(4) 
 
In the three case studies being investigated, data for the Additional Duration (i.e. Schedule 
Variance) and Additional Cost (i.e. Cost Variation), Contracted Duration and Contracted Cost 
have been provided in Table 16, Table 17 and Table 18. The calculation of schedule 
performance index (SPI) requires the Actual Duration of the project, and in this regard, the 
Actual Duration (Equation 5) is calculated based on the equation below, which is: 
 𝐴𝑐𝑡𝑢𝑎𝑙 𝐷𝑢𝑟𝑎𝑡𝑖𝑜𝑛 =  𝐶𝑜𝑛𝑡𝑟𝑎𝑐𝑡𝑒𝑑 𝐷𝑢𝑟𝑎𝑡𝑖𝑜𝑛 +  𝐴𝑑𝑑𝑖𝑡𝑖𝑜𝑛𝑎𝑙 𝐷𝑢𝑟𝑎𝑡𝑖𝑜𝑛 (5) 
 The same kind of equation is used to calculate the Actual Cost (Equation 6) of the projects
 𝐴𝑐𝑡𝑢𝑎𝑙 𝐶𝑜𝑠𝑡 =  𝐶𝑜𝑛𝑡𝑟𝑎𝑐𝑡𝑒𝑑 𝐶𝑜𝑠𝑡 +  𝐴𝑑𝑑𝑖𝑡𝑖𝑜𝑛𝑎𝑙 𝐶𝑜𝑠𝑡 (6) 
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Table 23: Comparison of Cost Variance for MOH, MOE and MOMRA Projects 
 
 
Project 
no 
MOH MOE MOMRA 
Project cost 
(SR) 
Additional 
cost (SR) 
Actual cost 
of Project 
(SR) 
% 
Rise in 
the 
Cost 
CPI 
Project 
cost (SR) 
Additional 
cost (SR) 
Actual cost 
of Project 
(SR) 
% 
Rise 
in 
Cost 
CPI 
Project 
cost (SR) 
Additional 
cost (SR) 
Actual cost 
of Project 
(SR) 
% 
Rise in 
the 
Cost 
CPI 
1 134,128,792 39,259,323 173,388,115 29 0.77 17,840,270 800,000 18,640,270 4 0.96 7,521,215 745,121 8,266,337 10 0.91 
2 225,410,765 70,307,463 295,718,228 31 0.76 4,600,888 500,000 5,100,888 11 0.90 9,796,974 920,697 10,717,671 9 0.91 
3 392,000,000 9,485,951 401,485,951 2 0.98 4,244,442 450,000 4,694,442 11 0.90 91,955,970 9,200,597 101,156,567 10 0.91 
4 390,000,000 69,264,402 459,264,402 18 0.85 6,403,774 750,000 7,153,774 12 0.90 87,659,325 7,765,935 95,425,261 9 0.92 
5 416,292,960 82,030,685 498,323,645 20 0.84 21,996,614 1,201,900 23,198,514 5 0.95 10,458,028 1,032,845 11,490,873 10 0.91 
6 222,766,616 22,276,660 245,043,276 10 0.91 6,662,592 250,000 6,912,592 4 0.96 6,662,592 655,259 7,317,851 10 0.91 
7 157,280,793 105,367,247 262,648,040 67 0.60 6,320,604 1,205,000 7,525,604 19 0.84 9,468,634 930,763 10,399,397 10 0.91 
8 378,652,682 53,030,068 431,682,750 14 0.88 8,445,246 745,525 9,190,772 9 0.92 25,000,000 1,500,000 26,500,000 6 0.94 
9 719,028,164 119,068,840 838,097,004 17 0.86 24,840,162 350,000 25,190,162 1 0.99 70,207,305 6,920,730 77,128,035 10 0.91 
10 35,000,000 5,203,993 40,203,993 15 0.87 22,316,052 2,135,500 24,451,552 10 0.91 883,520 500,000 1,383,520 57 0.64 
11 2,885,207 208,520 3,093,727 7 0.93 22,226,629 2,225,600 24,452,229 10 0.91 12,798,288 1,179,928 13,978,216 9 0.92 
Average 279,404,180 52,318,469 331,722,648 21 0.84 13,263,388 964,866 156,510,799 9 0.92 30,219,259 2,850,171 33,069,430 14 0.89 
CPI = Cost Performance Index 
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Table 24: Comparison of Duration Variance for MOH, MOE and MOMRA Projects 
Project 
No 
MOH MOE MOMRA 
Contract 
period 
(months) 
Additional 
time 
(months) 
Actual 
Duration 
% Rise 
in 
Project 
Duration 
SPI 
Contract 
period 
(months) 
Additional 
time 
(months) 
Actual 
Duration 
% Rise 
in 
Duration 
SPI 
Contract 
period 
(months) 
Additional 
time 
(months) 
Actual 
Duration 
% Rise 
in 
Duration 
SPI 
1 36 11 47 31 0.77 24 3 27 13 0.89 22 3 25 14 0.88 
2 24 16 40 67 0.60 20 4 24 20 0.83 12 5 17 42 0.71 
3 36 25 61 69 0.59 20 3 23 15 0.87 24 6 30 25 0.80 
4 36 17 53 47 0.68 20 14 34 70 0.59 36 16 52 44 0.69 
5 24 13 37 54 0.65 24 6 30 25 0.80 24 4 28 17 0.86 
6 36 12 48 33 0.75 22 2 24 9 0.92 22 2 24 9 0.92 
7 24 18 42 75 0.57 20 6 26 30 0.77 24 3 27 13 0.89 
8 36 12 48 33 0.75 22 6 28 27 0.79 24 6 30 25 0.80 
9 36 14 50 39 0.72 24 3 27 13 0.89 16 5 21 31 0.76 
10 36 6 42 17 0.86 24 6 30 25 0.80 12 3 15 25 0.80 
11 24 2 26 8 0.92 24 13 37 54 0.65 16 2 18 13 0.89 
AVG 32 13 45 43 0.71 22 6 28 27 0.80 21 5 26 23 0.82 
SPI: Schedule Performance Index 
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Table 23 represents the average rise in the cost of eleven MOH projects were 21% of the 
project cost. In MOE the average rise in the project cost recorded as 9% and 14% in MOMRA 
projects. The data represents that MOH project cost has seen the highest rise (21%) and MOE 
saw the lowest (9%) in the additional cost. The rise in the additional cost of all three case 
studies is calculated as above 14%.  
While comparing the minimum and maximum rise in the additional cost, MOH projects have 
a range of variation in the additional cost of between 2% to 67%. Whereas, MOE has a range 
between 1% to 19% and MOMRA projects ranges from 6% to 57%. Comparison of those 
figures reveals that MOE projects have the lowest range of additional cost increase.  
The trend in the cost performance index (CPI) is below the ideal (reference) value of 1.0 in 
all the projects. That means the cost performance is negative on all projects in all three case 
studies. The average CPI on MOH projects is 0.84, on MOE projects it is 0.92 while on 
MOMRA the CPI 0.89. This implies that MOE projects have the most negative performance 
(0.92) - because the index (0.92) is the closest to 1.0 -even though these MOE projects still 
performed better (cost wise) than MOH and MOMRA projects.  
In comparison, MOE projects saw a range of rising in the additional cost (between 1% to 
19%) that has only 9% of average cost rise with the closest value (to 1.0) of the cost 
performance index. On the other hand, MOH and MOMRA projects have seen high variations 
in the additional cost of projects. In which MOH projects has the worst performance cost wise 
that ranges from 2% to 67% rise with an average of 21% rise in additional cost. 
Moreover, Duration Variance for MOH, MOE and MOMRA projects is compared (Table 24) 
where for MOH projects, the average rise in duration is calculated as 43%. In this case, the 
additional increase in duration ranges between an of minimum 8% to a maximum of 75%. 
Also, the schedule performance index (SPI) is 0.71 that represents a relatively negative 
performance of the scheduling. In MOE projects, the average rise in duration is calculated as 
27%. In this regard, the additional increment in duration ranges between a minimum of 9% to 
a maximum of 70%. Also, the SPI of 0.80 denotes a more negative performance of the 
scheduling than observed for MOH. 
In MOMRA projects, the average rise in duration is calculated as 23% which is the minimum 
while comparing with the other cases. In this, the additional duration increases range from a 
  
 
128 Documentations (Archival Analysis and Results) 
minimum of 9% to a maximum of 44% with the SPI 0.82 which is the worst SPI among all 
three case studies. 
The overall comparison of cost performance and duration performance of the three case 
studies suggests that cost-wise even though MOE projects have seen about 9% rise in 
additional cost, this was still less than MOH and MOMRA projects. Scheduling-wise, 
MOMRA projects has seen the lowest rise (23%) in duration compared with MOH and MOE 
projects. In a hypothetical view, even though 2D and 3D BIM are employed in all those 
projects, this document analysis of case studies showed the similarities in the trend of the rise 
in the project duration and constant rise in the project cost. This trend strongly suggests the 
presence of optimism bias in the planning and scheduling of these projects. Also, the 
document analysis revealed evidence of a relationship between the escalation of project 
duration and increase in cost among all 37 construction projects, suggesting that contracted 
duration, budget allocation, as well as planning and scheduling of the projects was ineffective. 
The ineffective planning and scheduling could be the most critical and most obvious factor 
that reflects an underestimate of time and cost (optimism bias). The current practice of 
planning and scheduling in MOH, MOE and MOMRA construction Projects will therefore, 
require a thorough review to measure the scale of optimism bias, which is the focus of the 
(Section 9.3). 
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Chapter 8 Interviews Analysis and Results 
8.1.  Introduction 
This Chapter focus on the interviews analysis of the data collected through interviews. As 
discussed in Chapter five and six, a total of eighteen interviews were conducted from three 
case organisations, MOH, MOE and MOMRA. From each organisation two clients, two 
consultants and two contractors (each of whom has been involved in the case study projects) 
were randomly selected for the interviews. The interview questions were kept semi-structured 
to capture the perceptions of the respondents to measure the Propositions discussed earlier in 
Chapter six and further Chapters.  
The interview questions were drafted around the six Propositions established earlier. Based 
on the findings from the literature review and document analysis, two more questions were 
added to the interview questions. The first is related to the ranking of the client related delays 
and the second is linked to the impact of Optimism Bias on the project scheduling and 
planning. 
With respect to the research Propositions, this Chapter is consequently divided into three 
sections. Each section discusses the outcome of interviews data through analysing the content 
(also called text analysis). In this study, it looks for emerging themes in the data. A numbering 
system is used to identify text representing the different themes. In this analysis, the emerging 
themes are grouped together, and evidence about different views on a topic are collected to 
compare and generalise the results. 
Moreover, thematic analysis is employed that focusses on capturing “what” is said. In this 
study, the content is organised by looking for emerging themes or topics. To identify the 
emerging themes and topics relevant words or concepts are discovered through content 
analysis. To do that, the simple text search and word frequency queries are used for finding 
themes or concepts. Finally, the visualisation tools are employed to present the data and to 
discover deeper meanings from the text. 
NVivo application is employed to analyse interview data while focusing on those six 
Propositions and the type of client related delays. Employing NVivo also provided the 
  
 
130 Interviews Analysis and Results 
opportunity to investigate and identify the similarities, extract themes, identify relationships 
between the themes, highlight the differences and create generalisations. 
8.2.  Data Analysis Process  
The systematic approach has been taken to analyse the data in NVivo. The qualitative research 
outputs in the form of words. For example, data from journals and other media that is in 
written texts, or through in-depth interviews. The data analysis could have a different system. 
Several interviews data analysis techniques are suggested by the scholars which may be used 
for different types of data analysis.  
The data analysis process in Figure 21 below, gives the process of data analysis for this 
research. This study looks at emerging themes in the data (Word cloud and TreeMap). Coding 
is used to identify text about the different themes based on the classifications of the unit-of-
analysis (clients, consultants and contractors) and six Propositions. In this analysis the 
emerging ideas are grouped together and collect evidence about different views on a topic is 
analysed. 
 
Insert interviews in 
Nvivo
Create nodes and 
Classifications 
Proposition 2 Proposition 3Proposition 1
Proposition 4 Proposition 5
Ranking of Delays
Text Search
Word Frequency 
Analysis
Create Sub-nodes
Emerging Themes
(Word Cloud and 
Tree Map)
Proposition 6
 
Figure 21: Data analysis process 
Firstly, the interviews were transcribed into word document format to analyse the potential of 
the different type of analysis could be conducted. The interviews data were inserted in NVivo 
as showed in Figure 22 below.  
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Figure 22: Inserting interviews in NVivo 
The content analysis was chosen to start with some ideas about predetermined Propositions 
in Chapter six (section 6.3) or themes that might emerge during the analysis. The nodes were 
created (as shown in Figure 23 below) based on the six Propositions of this study and the 
ranking of delays presented in the literature review and document analysis Chapters. 
 
Figure 23: Creating nodes in NVivo 
Afterwards, the text search analysis has been used to generate sub-nodes for the six 
Propositions and ranking of delays. The sub-nodes are based on each question asked to 
analyse the pre-defined Propositions of clients, consultants and contractors. Finally, a word 
frequency analysis is conducted to look for thematic analysis. The thematic analysis 
emphasises the content of a text. In this analysis, this study organises the content by looking 
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for emerging themes or topics. To identify the emerging themes and topics relevant words or 
concepts are discovered through the word search queries and analysis the tree-map and word 
cloud. The simple text search and word frequency query results (WFQR) are used for finding 
themes or concepts. It also uses visualisation tools to discover deeper meanings from the test 
and generalisations.  
Finally, the conclusions are drawn while comparing the views of all three groups (clients, 
consultants and contractors) of respondents. The results are generalised based on the 
communication of the respondents in the specific context. The emerging themes have been 
coded and developed nodes for further analysis. 
8.3.  Interview Questionnaire Design 
As stated above, the interview questionnaire is designed based on the six Propositions and the 
findings from the literature review and the document analysis.  
 
Section 1 
8.3.1.  General Questions  
The study demanded the interviews with the respondents those have experience in the 
construction industry and BIM to ensure the rich data can be collected. The following 
questions were asked to ensure that respondents have relevant experience of at least ten years 
or more so that they can input substantial knowledge to this study. This section has also 
ensured that the roles and responsibilities include their extensive use of BIM in construction 
projects. The third question reconfirms their knowledge of BIM applications and which 
applications have been used extensively in public sector projects. 
1) Could you tell me about the years of experience you have in the construction sector? 
2) Could you kindly tell me your current job title? 
3) What do the technology and software do you use in your organisation to manage 
construction scheduling and delays in projects? 
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8.3.2.  Participants’ Information 
The Table 25 below gives summarised the interviewee's organisations, total number, position 
title and the years of experience of the respondents as well as coding for each participant.  
Table 25: Distribution of Sampling 
Case Study NO of 
Interviewees 
Total (18) 
Interviewees Current position title Years of 
the 
experience 
Coding 
Ministry of 
Health 
(MOH) 
2 Client 
representative 
Director of the 
construction projects 
Department 
12 CL1 
Projects manager/ 
Architect 
10 CL2 
2 Consultant 
representative 
Lead structure and design 
engineer 
13 CONS1 
Senior design manager and 
head of Architecture 
department 
17 CONS2 
2 Contractor 
representative 
BIM coordinator 11 CONT1 
Senior design engineer 10 CONT2 
Ministry of 
Education 
(MOE) 
2 Client 
representative 
Director of the studies and 
Design Department 
13 CL3 
Senior architect 11 CL4 
2 Consultant 
representative 
Consultant Engineer 15 CONS3 
BIM Manager 12 CONS4 
2 Contractor 
representative 
Director of Design 11 CONT3 
Senior mechanical 
engineer 
11 CONT4 
Ministry of 
Municipality 
and Rural 
Affairs 
(MOMRA) 
2 Client 
representative 
Senior civil engineer 13 CL5 
Head of the construction 
department 
14 CL6 
2 Consultant 
representative 
Technical manager 15 CONS5 
BIM Project Manager 20 CONS6 
2 Contractor 
representative 
Civil Engineer 10 CONT5 
BIM coordinator 11 CONT6 
 
Based on the advice of different scholars, (see discussed in Chapter 6 section 6.5) the 18 
respondents (domain professionals of the KSA public sector projects representing clients, 
contractors, and consultants) picked for the interviews, are equally distributed using a quota 
sampling approach. To meet the saturation requirements, Baker and Edwards (2012) 
suggested that the individuals taking part in the study should have considerable experience. 
  
 
134 Interviews Analysis and Results 
Therefore, this study considered professional individuals that hold at least ten years of 
experience in the construction projects as a client, contractor and consultant and holding at 
least a basic level of knowledge about BIM. The reason of collecting this data is to ensure that 
the respondents have the pre-requisites for making meaningful contribution to the research, 
i.e., significant experience of construction industry and the case study projects in particular; 
senior rank/designation that would enable them to have access to high-level decision-making 
process; and finally, have substantial knowledge and understanding of using BIM in 
construction environment. A semi-structured interview was applied where the investigator 
started with a preliminary list of queries, and further examinations are made depending on the 
responses obtained. A group of questions have been made (Appendix A) from the literature 
assessment and the secondary data collection to enable reflection on the main problems that 
have been identified as causing delay, the logical Propositions and the role of emerging BIM 
processes and technologies to tackle this issue within the public-sector construction projects 
in KSA. These questions would ensure that the qualitative data collected from the respondents 
is rich and appropriate for the quality of analysis and the study and would help satisfy the 
appropriate research objectives. 
Section 2 
8.4.  Factors of Client Delay 
The second section is to identify and investigate the factors of delays in public sector 
construction projects. Question five is about the ranking of five client-related factors of delay 
that were identified through the literature review. The ranking of factors of delay in public 
sector construction projects is validated through the document analysis and further validated 
through interviews analysis. Following this, questions six to nine were asked to develop a 
strong basis for the ranking of delay factors. For example, question six seeks to identify the 
reasons for selecting the foremost and the last factor of delays. Question seven seeks to 
identify the most critical type of delay and the level of difficulty of managing it. Identifying 
the inter-relationship between the factors of delays would be done through question eight. 
Question nine was set to identify any other factors of delays in public sector construction 
projects not explicitly covered by literature or the interview questions. 
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8.4.1.  Questions Based on Factors of Delays  
1) From your experience, how would you rank these five delay factors in order of 
difficulty or more impact on the completion of the project? 
2) Regardless of how difficult or challenging, which of them is most critical to be 
managed for project success and why? 
3) Do any of the above factors have direct or indirect inter-relationship amongst them? 
If yes, please explain.  
4) Are there other factors related to the client that caused delays in construction projects 
other than the factors mentioned above? If yes, please explain. 
8.4.2.  Rank Order Analysis 
The rank order of the factors of delay is compared between clients, consultants and contractors 
and further generalised for an overall view in Table 26 below. 
Table 26: Ranking of Factors of Delay by Clients, Consultants and Contractors 
 
Table 26 presents the delay factors ranked by the Clients, Consultants and Contractors. The 
key used for the table are: IP- Inefficient planning, CO- Change in Order, SD- Slow Decision 
Making, DP- Delay in Payments and PC- Poor Communication. 
The results presented by clients gives the first factor of delay as ‘inefficient planning’, while 
the second factor of delay is ‘delay in payments’. However, the views for rank three, four and 
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five do not match. Consultants and contractors have recorded a similar trend. Therefore, this 
process investigates the joint views of clients, consultants and contractors to generalise the 
ranking of the delays. The frequency of all delay factors is recorded to identify the number of 
respondents who have similar views. For example, in rank 1, IP (Inefficient Planning) 
appeared eight times, CO (Change of Order) appeared five times. That means out of eighteen 
respondents eight respondents said that IP is the first factor of delay, but five respondents said 
CO is the first factor of the delay in construction. Similarly, in rank one, only three 
respondents said SD (slowness in decision making) and just two respondents said DP (delay 
in payments) is the number one factor of the delay. None of the respondents ranked PC (poor 
communication) as the foremost factor of the delay. 
Therefore, based on the data presented in Table 26 above, IP is the foremost factor of the 
delay as it has the highest number (eight) of respondents who agreed that it (inefficient 
planning) is the foremost critical factor. Similarly, on rank 2, DP (delay in payment) appeared 
ten times, that means ten out of eighteen respondents agreed that delay in payment is the 
second most critical factor of the delay in construction projects. 
At rank three, three of the factors (PC, IP and SD) has the same frequency; all those have 
appeared five times. However, since IP has already ranked as first, that has been disregarded 
under rank three. Hence, SD (slowness in decision making) and PC claim this rank with both 
appearing six times. 
The results for rank five is clear as CO (change in order) appeared seven times which means 
seven out of eighteen respondents agreed that change in order ranks five among other delay 
factors. However, the challenge is between PC and SD as they both claiming rank 3 and 4. So 
this study regards that both the factors had equal weight and kept at the same position as there 
may be a close inter-relationship between them. 
In summary, the ranking of the factors of delays are as follows: 
• Rank 1- Inefficient Planning 
• Rank 2- Delay in Payments 
• Rank 3- Slowness in decision making and Poor communication 
• Rank 4- Change in Order 
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The ranking results are surprising when compared with results obtained in existing literature 
review and from the previous document analysis. The ranking of delay factors is further 
discussed in the results and discussion Chapter (See section 9.2). 
8.4.3.  Most Critical Factor of Delay to be Managed 
The data collected through interviews gives the different perceptions of the three groups 
(clients, consultants and contractors) about the most critical factor of delay to be managed. 
The question asked of all three groups was aimed at identifying the most critical type of delay 
factor that needs to be managed or focused on for a project to succeed. 
Question: Regardless of how difficult or challenging, which of them is most critical to be 
managed for project success and why? 
As showed in Figure 24 below a word frequency query results (WFQR) were set to display 
100 most frequent words with generalisations that have a minimum three-word length. The 
similar strategy has been adopted for the word frequency analysis for all questions. Once the 
word frequency is calculated, the top ten results were analysed based on the highest count and 
weighted percentage. The unwanted words such as ‘comes’ or ‘any’ were removed from the 
query to bring context specific results. 
 
Figure 24: WFQR- Most Critical Factor of Delay to be Managed- the Client’s View 
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In the client’s perspective, the most important factor of delay to be managed for the project 
success has different facets. Five clients have answered the question from which three clients 
have said ‘’poor communication and coordination between the parties is the most critical 
factor of delay that should be managed for the success of the project’’ CL1, CL3 and CL5. 
Whereas, two other clients CL4 and CL6 chose a variation in order and ineffective planning 
as the most critical factors to be managed for project success. The sixth client CL2 has been 
neutral and said ‘’the project as a whole need to be managed as those factors would be inter-
linked with co-relationships that affect the success of a project’’.  
The summary of the WFQR of client’s views (see Figure 25 below) also emerged with the 
themes such as all construction parties, a project as a whole, scheduling, coordination and 
communication. 
 
Figure 25: WFQR- Most Critical Factor- the Client’s View 
 
In summary, from the client’s perspective, the most critical factor of delay in construction 
projects is the poor communication that needs management focus. 
The consultants CONS1, CONS 4 and CONS5, viewed the foremost critical factor of delay 
is the slowness of decision making by the clients. The second most critical delay factor for 
this group of experts is the change order by the clients. The consultant expressed concern that 
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‘’the clients are failing to make the decision on day one. The decision making is the 
responsibility of the client or the supervisory body who oversee the project’’ CONS6. Figure 
26 below gives the WFQR of consultant’s view which suggests that clients are slow in action 
towards an issue or a problem or a change in design that impact on the whole project through 
communication interruption. Figure 26 below gives the emerging themes of communication, 
delay in making decision and change orders. It also presents the upcoming themes such as 
direct action related to administration, opinions in decision making and slow (delay) process.  
 
Figure 26: A WFQR-Consultants-Most critical factor to be managed 
 
In contractor’s CONT3, CONT5 and CONT6 views planning and scheduling is the foremost 
critical factor of delays that need managing for the success of a construction project, however 
out of six contractors, only three have clearly identified this as the critical factor. The other 
three contractors’ CONT1, CONT2 and CONT4 views the most critical delay factor vary 
between communication and slowness in decision making. The respondent CONT2 who 
argued that ‘’all delays factors (overall project) need to be managed was concerned that all 
type of delays could be interrelated’’. The relationship between the factors is discussed in 
section 8.4.4 below. 
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The WFQR given in Figure 27 below presents the emerging themes from the contractor’s 
views on the most critical factor of delay to be managed for the success of a construction 
project. 
 
Figure 27: A WFQR-Contractors-Most critical factor to be managed 
 
In this section, the foremost word ‘’thinks’’ ‘’correctly’’ is the synonym of estimation and 
planning by the individuals. However, a new theme emerged that is related to the government 
and funding and communication between parties. 
In overall view on the most critical factor of delay to be managed all three results of the three 
groups are joined, and WFQR has been analysed to understand the generalisation of the results. 
In separate views clients have chosen poor communication as a most critical factor to manage, 
the consultants view the most critical factor to be managed as the decision making by the 
client. However, in the contractor’s perspective, the most challenging factor is the planning 
and scheduling of the project. However, in all three views ‘communication’ has emerged as 
the most common (recurring) factor that relates to all other types of delays.  
Figure 28 below presents the WFQR of the overall views of clients, consultants and 
contractors about the most critical factors to be managed. 
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Figure 28: Overall View-most critical delay factor to be managed 
 
The most prominent themes showed in Figure 28Error! Reference source not found. above 
suggests that communication is a critical factor after the action by the individuals on planning 
and scheduling. Also, the change in orders by the clients contributes to the delay in planning 
and estimation of the project. To understand the depth of the data and much closer view of 
highly waited themes the display word count has been reduced to twenty-five words. The tree-
map in Figure 29 below presents the most dominant themes are the change in order, planning 
and scheduling (thinks) and communication. However, slow decision making, and payments 
coordination has also emerged as the most critical factor to be managed. 
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Figure 29: Tree Map-Overall View- the most critical factor to be managed 
8.4.4.  Relationship Between Factors  
In the above analysis of most critical factors to be managed were defined is the change in the 
order, planning and scheduling and communication plays a supportive role for quick decision 
making and quick payments through coordination between the construction parties. All three 
groups have said that all these factors have inter-relations. The below question was asked to 
identify the relationships between the delay factors.  
Question: Do any of the above factors have direct or indirect inter-relationship amongst them? 
If yes, please explain. 
The clients CL1 and CL4 views that solving the problem of poor communication will lead to 
speeding up the decision-making process. However, client CL3 also said that ‘’change in 
order by the client sometimes has the priority, but if there is good coordination between the 
parties, there would be no variations in the order and slow decisions’’. The slow decision-
making and the variation orders affect the weakness of communication and coordination. 
Moreover, there is a direct relationship between the planning, communication & coordination 
and decision making, these three factors are related to each other, ‘’but the planning has 
nothing to do with the payment of dues as the finance department is responsible for payments’’ 
as confirmed by CL6. However, the slowness in decision-making will lead to the delay in 
payment of contractor's dues. 
The consultant CONS1, CONS4 and CONS5 views that there is a direct relationship between 
the communication and the change of orders. The other direct relationship between the change 
of order and decision making. The decision making is related to the payments of dues. That 
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is because the client may pay more, in case of the change or variations in the order. Therefore, 
one of the consultants stated that’’ the decision of clients may delay based on the different 
opinions of the supervisory team or the clients’’ CONS5.  
The contractor CONT2, CONT3 and CONT6 views that the delay in payments is closely 
related to the poor communication. Moreover, poor planning of payments and communication 
delays the process of decision making. In addition, a variation of orders also contributes to 
the slow decision making. It is possible that the poor communication between construction’s 
parties increases the errors which will lead to a significant delay in construction, and a 
departure from the agreed timeframe. That may also lead to a conflict of interest and penalties 
on the contractor if the constructions have not completed as scheduled. Moreover, due to poor 
communications during planning and design, the design time and construction time will be 
delayed. That means the ineffective planning and slowness in decision making by clients is 
related to the poor communication.  
In overall views of the three groups is showed in Figure 30  below. All three groups agree on 
the relationship between the factors of delays. In common view of clients, consultants and 
contractors the poor communication during the planning and scheduling and design phase 
lead to the change or variations in the order. The change in order leads to the slowness of 
decision making and slowness of payments by the clients. The tree-map of emerging themes 
in Figure 30 below presents that the change in order could depend on the communication for 
agreement between the parties for corrective solutions. It also presents that the poor planning 
may cause conflicts in agreement and delays the timeframe. The delay in project timeframe 
may lead to the soaring cost and financial problems. If there is good coordination between the 
construction parties, there would be fewer changes in the orders and consequently delay in 
payments. 
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Figure 30: Overall view- the relationship between the factors of delay 
8.4.5. Other Factors of Delay  
The thematic analysis through WFQR and visual inspection of the word cloud and tree map 
of the relationships several factors (such as finance, conflicts and penalties) that support 
delays in a construction project has been identified in the analysis above. However, those 
factors were directly related to the five prime factors of this study. To explore and examine 
more factors of client related delays the below question was asked of all three groups of 
respondents. 
Question: Are there other factors related to the client that caused delays in construction 
projects other than the factors mentioned above? If yes, please explain. 
In client views, all the delay factors have been covered by this study. However, one of the 
clients stressed that ‘’to avoid delays in construction projects the clients must examine the 
capability of contractors (or any organisation involved in the process) in terms of skills of 
staff and their financial and technical stability’’ CL5. That is because, the poor 
communication, ineffective planning and scheduling and slowness of decision making are 
based on the qualification or ability of the individuals involved in the process.  
The consultants have the similar views as clients. Consultants are concerned about the quality 
of ability of individuals. That is because, if a project is not scheduled efficiently, that is down 
to the individuals responsible for scheduling. Due to traditional ways of working the projects 
are not clearly studied before scheduling. Moreover, an individual’s knowledge or 
qualification to schedule the project is an essential factor. As quoted by CONS3 ‘’The client 
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who works on large projects must seek qualified staff to manage the relationship between the 
owner, consultant and contractor. The project managers or supervisors must have the 
financial and technical powers to make decisions’’. This important factor has been overlooked 
by many developers and government agencies, who have a specialised staff but the not 
qualified staff because the qualified staff has a particular intensity.  
In contractor, views are also similar to the clients and the consultants. Even though the 
contractors agree that the five type of delays factors in this study is sufficient covers 
everything. However, they concerned that the unqualified individuals are the main cause of 
the delays. One of the contractors CONT4 claimed that ‘’unqualified individuals could be 
seen in the entire supply chain of a construction project’’. The other contractor said that ‘’the 
people working on construction projects have under experienced for working on the large 
size of projects’’ CONT6. Due to underqualified or under experienced individuals the quality 
of communication, the quality of planning and scheduling and the quality of design and 
overall quality of the projects is compromised. 
In overall views of all three groups, the lack of knowledge, qualification and experience of 
the individuals working on a construction project is the factor of the delay. However, all three 
groups suggested that unqualified individuals and compromised work quality is the cause of 
other five types of delays identified and investigated in this study. However, even if the 
qualification or knowledge or capability of the individuals is the cause of poor communication 
and insufficient planning and scheduling and slow decision making and variations in design 
or change order, it is client’s responsibility to ensure that the contracted organisations or 
individuals have the capability to deliver the project efficiently. The Figure 31 below shows 
the emerging themes from the overall view of the respondents. 
The reasons for delays could also be the individuals and their level of qualifications or 
experience/expertise. For example, clients may have been contracting with underqualified 
individuals or organisations due to the need to make cost savings or other funding constraints. 
However, the consequences of employing the underqualified of unskilled individuals can be 
delays in the projects, conflicts and hike in the cost of the project. The emerging themes from 
this analysis are a) inefficient scheduling due to unskilled individuals, b) poor communication 
due to the lack of experience, c) delays in construction projects due to the individual 
capabilities and d) clients contracting while focusing low cost of the project. 
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Figure 31: Overall View- Other factors of client related delays 
 
Section 3 
Section three is set to measure the six Propositions discussed earlier in the introduction and 
further in Chapter six (section 6.3) of this study. 
8.5. Proposition1: Using BIM in public sector construction projects would help the 
analysis and management of delays in construction projects. 
The document analysis in Chapter 7 (see section 7.3) reveals that thirty out of thirty-seven 
projects across the three case studies were affected by ‘’change order and delay in approving 
it’’. Moreover, twenty out of thirty-seven projects were affected by ‘’delay in progress 
payment’’ by the client. Table 22, in section 7.3 presented that about 81% of the construction 
projects in KSA were delayed because of the change order and delay the time take in 
approving it. In addition, about 54% were delayed because of the delay of payment that has 
ended up with the cost overrun and extended duration of the project. In this section, the 
findings from the document analysis are further analysed through interviews to investigate if 
BIM can assist in handling change orders and mitigate the delay in progress payments by the 
clients, through the views of all the three groups (clients, consultants and contractors) of 
respondents. 
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8.5.1.  Questions Based on Proposition One  
1) In your opinion, how can BIM assist in handling change orders in the construction 
phase by the client? 
2) In your opinion, how can BIM process or technology help to mitigate the delay in 
progress payments by the client? 
The above questions were asked to understand the contribution of BIM in handling or 
mitigating the delays progress payment by clients and handling change orders. 
8.5.2.  Clients View of Proposition 1 
In the client’s view, BIM technology has the capability to handling change order while 
improving the communication between the clients, consultants and contractors. However, 
since several disciplines are connected through BIM, it is still hard for clients to communicate 
with contractors and vice-versa. That is because ‘’the contractors (in Saudi Arabia) are still 
not accepting BIM as a useful tool for managing and handling the construction projects’’ 
stated by CL2. The lack of knowledge and experience and skill shortage in the use of 
technology is making it challenging. However, for decision-making process clients can see 
things clearly through 3D BIM visualisation, especially if web-based visualisation is used so 
that the clients do not need to install sophisticated software. They also believe that BIM can 
help with cost estimation and bill of materials. However, if the required design or construction 
details on BIM are not clear, the decision making will still take time. 
Moreover, clients CL1, CL2, CL3 and CL5 feel that BIM (i.e. not using it) has little to do 
with the delay in progress payments. They argue ‘’that progress payment is related to the 
quantity surveying. This is because BIM only supports quantity surveying and cost, but the 
administrators who take care of payments and accounts are far from this point’’. However, 
an overall view, the BIM has enhanced the communication between the parties and the cloud-
based BIM has much more potential than the standalone application that helps to mitigate the 
traditional methods of communication. The WFQR in Figure 32 presents the main themes 
originated from the client’s view. The clients agreed that ‘’BIM has the capability of 
enhancing the communication between the different parties’’ CL4 and CL6. However, due to 
the traditional approach adopted by Saudi contractors, it is difficult for them to accept that 
BIM has the capability of handling information, opinion, data related to cost and supports 
different disciplines. 
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Figure 32: Clients View on BIM assist in handling change orders 
8.5.3. Consultant’s view of Proposition 1 
In the consultant’s view, BIM can provide an estimate of the quantities without a human error. 
However, estimation must be done by qualified people to ensure that the model is accurate, 
the 5D estimation gives a precise estimate of cash flow analysis and budget. In addition, BIM 
plays a very important role because the traditional way of estimating costs during the design 
period or even during the implementation period depends on the manual calculations. One of 
the advantages of using BIM is that “we may create an initial model before proceeding with 
the project, to know the exact time and cost, rather than to keep everything imaginary and 
discretionary’’ as confirmed by CONS2. However, BIM is commonly accepted as a 
communication tool. In which all stakeholders or at least key stakeholders (clients, contractors 
and consultants) of the project should coordinate to get to a stage of cooperation or 
communication. 
In the overall view as shown in Figure 33 consultants are more keen on costing and estimating 
side of BIM instead of handling the change in order. The emerging themes are the quantities, 
estimation, cost, scheduling errors and payments. Based on these emerging themes further 
nodes are created to explore and test these themes in Proposition three of this study. In brief, 
the consultants CONS1, CONS2 and CONS5 see BIM as a tool for communication and 
scheduling and planning that helps to mitigate the errors in planning, cost estimating and 
quantities. ‘’Those errors could increase if traditional methods were used and these tend to 
lead to the change of orders or variations’’ CONS 4. 
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Figure 33: Consultants View on BIM assist in handling change orders 
 
8.5.4. Contractor’s view of Proposition 1 
In the contractor’s view, BIM provides a platform for instant communication during the 
project. ‘’All parties can follow and can transfer the variation of orders instantly’’ stated by 
CONT1. Another contractor CONT 4 said ‘’BIM, of course, improves communication 
strongly nowadays, especially with the development of communication devices’’. The BIM 
can help in managing change order and variation orders quickly while sharing information. It 
can also help to estimate the cost and quantities after changing the order by the clients. 
However, the contractors CONT3 and CONT6 are concerned that ‘’BIM is an expensive 
investment that is not yet in its full swing’’. But the capability of BIM in handing the change 
orders is useful in terms of mitigating delays while transferring the information to other 
project parties. 
In the overall view of contractors, given in Figure 34, presents the emerging theme of BIM 
with the appropriate communication devices can help to efficiently estimate the project cost 
and duration that will improve the management of delays within a project. The new themes 
emerged in this is the improved purchasing in quantity and transferring information to 
different parties that allows the quick agreement between them about the change or variation 
in orders. 
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Figure 34: Contractors views of BIM assist in handling change orders 
 
8.5.5. Overall view of Proposition 1 
In the overall view of all three groups of respondents, the capability of BIM in managing 
change order and progress payments is shown in Figure 35 below. Generally, BIM is viewed 
as a communication tool that helps to improve scheduling, improved estimation of cost and 
quantities, quick response in a change in orders and help to mitigate the traditional ways of 
the communication. In all responses communication is the most common theme that 
originated and linked to mitigating or handing the change in orders by the clients or for 
preventing those unnecessary kinds of change of orders at the construction phase that have 
arisen due to the poor estimation of cost, duration, quantity or planning or scheduling. 
Both clients and consultants have a common view that BIM cannot help with mitigating the 
delay of progress payments. However, the consultants and contractors have a shared view that 
since BIM enhances communication, the duration of progress payment delays can be reduced 
by presenting the progress of the project with real-time information – via BIM. This can be 
done through visualisation of the estimation of costs or estimation of quantities; BIM can help 
clients to make faster decisions about the progress payments. However, physical inspections 
would still require in many instances, and these could eventually still lead to delay in 
payments. 
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In the client’s view, sometimes the payment is correct, but the owner is not ready to pay it, 
because the owner does not have all the funds which are to be used in a project. This is because 
the client may obtain loan facilities from banks or in some cases organisations (MOH, MOE 
and MOMRA) seek funding directly from the government agencies. 
In conclusion, BIM is regarded by stakeholders as a technological tool that has the capability 
of enhancing the process of managing projects through advanced communication and 
visualisation. If the BIM-driven communication is used right from the first stage, then there 
are less possibilities of change in the order from the clients. The enhanced communication 
brings the potential to develop the error-free design, and more accurate estimation of cost, 
duration and quantities. If there are still variations in the orders, they can be positively 
changed through quick decision making. With BIM technology, every process is hinged on 
the flow of information. Even if progress payments are not directly controlled within the BIM 
process, access to its communication features can still help clients or administrators to make 
the decision for the payments quickly. 
  
 
152 Interviews Analysis and Results 
 
 Clients View Consultants View Contractors View 
C
h
a
n
g
e 
o
rd
er
 
 
 
 
P
ro
g
re
ss
 p
a
y
m
en
t 
 
 
 
Figure 35: Overall view of Clients, Consultants and Contractors about the capability of BIM in a change order and progress payments. 
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8.6. Proposition 2: Using BIM will help to manage delays while reducing the errors of 
scheduling and estimating the time and cost associated with projects. 
The document analysis in Chapter 7 (see section 7.3) reveals that twenty out of thirty-seven 
projects between the three case studies were affected by the ‘’errors of design’’. The finding 
in Table 22, section 7.3 reveals that about 30% of the construction projects in KSA were 
delayed because of the errors in design that has ended up with the cost overrun and extended 
duration of the project. In this section, the findings from the document’s analysis are further 
analysed through interviews with the three group (clients, consultants and contractors) of 
respondents. The question asked below to investigate the ability of BIM to reduce the errors 
in scheduling and estimating in construction projects. 
8.6.1.  Questions Based on Proposition Two  
1) In your opinion, how will using BIM can help to reduce the errors in scheduling and 
estimating in construction projects?  
8.6.2.  Clients View of Proposition 2 
The clients view about reducing the error in scheduling and estimating in construction projects 
are analysed through different dimensions. In Figure 36 below the explore diagram reveals 
eight questions in which the clients have talked about the error in scheduling and estimation. 
Through a test search query, total 234 references were collected from six interviews of the 
clients. The tree map in Figure 37 presents the overall view of the clients in this regard. 
The clients suggested that BIM has the potential to reduce the number of errors in scheduling 
and estimating the cost and the duration of the project. Moreover, the errors in scheduling and 
estimating are due to personal errors that are applied to the cost estimation and quantity 
estimation. The lack of skills and experience of individuals to use BIM and other applications 
is causing the problems and errors in the schedule that leads to the delay in the project. 
However, ‘’use of 4D and 5D BIM showed the potential to decrease the errors of estimating 
the quantities and the cost of the project’’ CL2 and CL4. 
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Figure 36: Clients view- explore the diagram for error in scheduling and estimating 
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Figure 37: Clients View-Error in Scheduling 
 
8.6.3. Consultants View of Proposition 2 
Total 64 references from four interviews were found about ‘’how BIM can help to reduce the 
error in scheduling and estimating?’’ from the eleven questions (showed in Figure 38 below) 
asked consultants.  
The consultants said ‘’that the parties do not clearly study the projects before planning and 
scheduling’’ CONS1 and CONS4. Lack of knowledge about the project leads to poor 
planning and estimation of the quantity and the cost and duration of the project. 
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Figure 38: Consultants view- explore diagram of coding for error in scheduling and 
estimating 
The tree map (in Figure 39 below) gives the emerging themes about the Proposition. It makes 
it clear that errors through ineffective planning and estimation lead to the delay of the 
construction project. Whereas the errors in the construction project lead to the inaccurate 
quantities and poor cost estimation. The errors can be reduced by using BIM application such 
as ‘Navisworks’ that the help is managing the scheduling and estimation in a timely manner. 
Again, the weakness of the individuals to study the project is found to be the prime reason for 
errors in scheduling and estimation. The consultants have claimed that using BIM applications; 
they have seen a substantial reduction in error of scheduling and estimation of quantities and 
cost and duration of the project. One of the interviewees stated that ‘’planning on the 
Primavera with using 4D BIM Scheduling helps a lot in reducing any errors in estimating the 
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critical path of the project’’ CONS1. Moreover, it is important that the client determines the 
level of detail (LOD) required for each stage of the construction project. The consultant 
CONS1 said ‘’ if you can get to 90% - 95% of the design to LOD 400 that can save so much 
time and effort on the contractor’’. 
 
Figure 39: Consultants View-Error in Scheduling 
 
8.6.4. Contractors View of Proposition 2 
Figure 40 below presents the eleven questions from six interviews of contractors. Total 171 
references were found from those interviews about how using BIM can help reducing errors 
in scheduling and estimating in a construction project.  
  
 
 
158 Interviews Analysis and Results 
 
Figure 40: Contractors view- explore diagram for coding of error in scheduling and 
estimating 
The results from WSQR the tree map (in  
Figure 41 below) gives that operating BIM can help in the planning and preparation of the 
construction project. It has the potential to reduce the errors in the estimation of cost and time. 
Contractors agree that the ineffective preparation of project planning will lead to poor 
performance, poor cost estimation, delays in project and payments. The efficient handling of 
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the project required applications such as BIM. ‘’The use of BIM contributes to the efficient 
scheduling and estimation of the construction project from the beginning such as design 
stage’’ CONT1. Likewise, consultants, the contractors CONT2, CONT3 and CONT4 agree 
that BIM application such as Autodesk 360 has substantial potential to plan a good project. 
However, one of the interviewees quoted that ‘’the individuals may not have the qualifications 
to operate the system to maximise the efficiency of estimation and scheduling’’ CONT5.  
  
 
Figure 41: Contractors View-Error in Scheduling 
8.6.5. Overall View of Proposition 2 
In the overall view, total 557 references were found from a total eighteen sources of clients, 
consultants and contractors. In an overall view, they all agreed that BIM has the potential to 
reduce the error in scheduling and estimation. However, the all concerned that the lack of 
skills, knowledge and qualification of working on BIM the errors are still in the system. Also, 
the clients suggested that all parties should properly understand the project before starting 
scheduling and estimating the cost, time and quantities. The tree map (in  
Figure 42 below) present the main themes and the emerging themes. Mainly the BIM 
application has the potential of reducing the errors in scheduling and estimating. The emerging 
themes are related to the factors that lead to ineffective scheduling and estimation- that are 
discussed below. 
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Figure 42: Tree map of overall view- error in scheduling 
 
The main factors of poor planning and scheduling or estimating is the lack of skills, lack of 
knowledge of individuals and lack of attention to understand the project. The poor quality of 
qualifications for BIM applications and calculations of estimates could be due to the high cost 
of employing skills. The main factors of poor scheduling and estimating is further explored 
in all interviews. 
8.7. Proposition 3: BIM in construction projects can help manage delays while 
advancing the current practice of cost estimation and resolving the issues of cost 
overruns that are linked to inaccurate scheduling and planning. 
8.7.1.  Questions Based on Proposition Three  
1) In your view, how can adopting BIM improve cost estimation and reduce cost 
overruns that are linked to inaccurate scheduling and planning? 
8.7.2.  Clients View of Proposition 3 
Through the text, search query totals 93 references were found in relation to the use of BIM 
for cost estimation and reducing cost overrun. The results from Figure 43 below present the 
WFQR of client’s view about how adopting BIM can improve cost estimation and reduce cost 
overruns that are linked to inaccurate scheduling and planning. The clients see that BIM have 
the potential of improving the cost estimation that is because all the items in BIM could be 
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found and described correctively, that improves visibility for quotation or price offers from 
suppliers. Moreover, the clients CL4 and CL6 inform that ‘’up to 70% of cost estimation 
problem can be solved by adopting 5D BIM for cost estimation’’. Through BIM bill of 
quantities can be estimated from the beginning. The 5D cost estimation can provide a clear 
estimate of cash flow analysis. In addition, BIM plays an important role in cost estimating 
and reducing the cost overrun, while eliminating the traditional way of estimating costs during 
the design period or even during the implementation period that was dependent on the manual 
calculations. Adopting BIM for cost estimation not even benefit the clients but all parties in a 
construction project. However, the clients CL2, CL3 and CL5 concerned that a good flow of 
information and communication is essential for 4D and 5D planning through BIM. ‘’The cost 
estimation could not be accurate until the items or material are clearly defined at the design 
stage of the project’’ CL4.      
 
Figure 43: Clients View- Cost estimation and cost overruns 
 
8.7.3. Consultants View of Proposition 3 
Total 71 references were found through the text search query. The joint view of consultants 
presents that people do not know the importance of using BIM during the conceptual design 
stage. Moreover, ‘’the maintenance stage is one of the main majority cost on the client, but 
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this does not cause you to delay in maintenance, it will cause problems in project management, 
which affects the cost implication rather than the time’’ CONS1. BIM and other processes 
reduce the drafting time or coordination time of design information and add more time to 
make the design more focus and creativity. However, ‘’clash detection through BIM makes it 
easier for engineers and design teams to focus on the final product to be without errors’’ 
CONS3. Some BIM applications such as Autodesk, Revit and Navisworks can help to produce 
a real-time schedule with an animation of the real product. The managers can follow the 
project progress in terms of cash flow, scheduling, cost overruns etc. Therefore, the design 
programs or technologies are very useful to reduce the cost overrun of the projects. Through 
BIM the project can perform in a better, easier and more accurate manner. The Figure 44 
below presents the most weighted words by the consultants.  
The tree map in Figure 44 gives that adopting BIM enhance the accuracy of the cost 
calculation and estimation. However, the terms used and the documentation such as the 
product details need to be clear. The accuracy of cost estimation and cost overruns is 
dependent on the clear communication and information. If the communication and 
information are detailed, a much accurate cost estimation can be done through employing 
BIM applications. 
 
Figure 44: Tree map- Consultants view of cost estimation and reducing cost overrun 
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8.7.4. Contractors View of Proposition 3 
The 117 references from six interviews present the contractor's views. In the combined view 
the BIM determines a strong scope on the construction project. Through BIM the cost of every 
activity and materials and resources can be accurately estimated. The 4D and 5D BIM can 
help to determine the three dimensions the cost, the time and composition of cost and time, of 
the construction project.  Moreover, BIM helps in reducing the changing orders at the design 
stage. In addition, it helps to clash detection in which the overlaps can be identified and 
reviewed. If there are overlapping items, those could be rectified quickly. Also, the contractors 
CONT2 and CONT4 said ‘’that the design through AutoCAD only solves about 60% of the 
projects' problems. If the design team uses AutoCAD the 40% of the project's problems will 
remaining to be resolved during execution’’. However, one of the interviewees said ‘’That 
adoption of 4D and 5D BIM in KSA could solve over 90% of the delay problems at the design 
stage as well as over 70% of the cost and time estimation problems in the construction stage, 
and small part of the project's problems is remaining to be solved on the site’’ CONT1. BIM 
helps to reduce the changing orders and benefit the owner while reducing the cost overrun. 
BIM also helps to make a complete simulation of the building with its cost that is a foremost 
benefit for all parties. 
The Figure 45, Tree map below presents the main and emerging themes about adopting BIM 
for cost estimation and reduce the cost overrun. In these figures, the main appears that the 
BIM has the potential to improve the cost estimation. In emerging themes, BIM not only helps 
to estimate the cost but also helps to control the cost (cash flow) of the project. It also helps 
to reduce the cost overrun and helps to visualise the complete project while reducing the 
change order and related cost. 
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Figure 45: Tree map of Contractor's view of cost estimation and reducing cost overrun 
 
8.7.5. Overall View of Proposition 3 
The overall view about the adoption of BIM for cost estimation and reducing the cost overrun 
is collected from total 274 references from sixteen interviews. Explore diagram in Figure 46 
below gives the case coding, and Figure 47 below gives the source coding diagram. 
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Figure 46: Explore diagram- an overall view of cost estimating and reduce cost overrun 
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Figure 47: Source coding- explore diagram- an overall view of cost estimating and reduce 
cost overrun 
Earlier in the study, the document analysis in Chapter 7 (see 7.3) reveals that poor 
communication between the construction parties is the second cause of delay that has 
contributed to the delay and cost overrun and extended duration in about 54% (see Table 22, 
in section 7.3) of projects within the MOH, MOE and MOMRA. This interviews analysis 
reveals the overall views of all respondent groups (clients, consultants and contractors), 
adopting BIM helps to cost estimation and reducing the cost overruns. Through adopting BIM, 
the cost of items, materials and resources can be accurately estimated and improved and 
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controlled. The tree map in Figure 48 below represents the overall view, and the emerging 
themes of how adopting BIM can help cost estimation and reduce the cost estimation of the 
construction project.  
The clients, consultants and contractors, all three groups agreed that adopting BIM is useful 
for advancing the cost estimation and consequently reducing the cost overrun of a project. 
However, the clients and consultants stressed that adopting BIM 4D and 5D is much more 
useful to estimate, monitor and control the cost of the project. Adopting 4D and 5D BIM also 
helps to reduce the underestimation of cost and duration of the project that is the effect of 
optimism bias. However, all three groups agreed that accuracy of cost estimation required 
good communication between parties, detailed information about activities and clear 
definitions of the items, materials and resources and activities. Having these accuracies in a 
project leads to reducing optimism bias related to the underestimation of the cost and duration 
of the project.  
The emerging themes in this section are the role of communication in projects and use of BIM 
advancing communication that helps to mitigate delays, the accuracy of estimation, 
scheduling and controlling of a project. In the above sections, the communication has been 
accounted as a supporting factor. The role of BIM in enhancing communication is analysed 
in Proposition four of this study.  
 
Figure 48: Tree map- an overall view of cost estimation and reducing cost overrun 
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8.8. Proposition 4: Adopting BIM in construction projects can help to manage delays 
while advancing communication and coordination between client and other 
stakeholders. 
8.8.1.   Questions Based on Proposition Four  
1) In your opinion, how can BIM help improve communication between clients and other 
stakeholders? 
8.8.2.  Clients View of Proposition 4 
In the client’s view, BIM can help improve communication between the clients and other 
stakeholders. From six interviews total 154 references were collected through text search 
query. The clients suggested that they have seen substantial improvement in communication 
and accuracy of information after adopting BIM in construction projects. The Figure 49 
presents the main themes emerged from the coding collected through the 154 references. All 
the clients agreed that the advancement of information and documentation about the changes, 
variation orders and quantities are much visible through BIM. Through which the personal 
communication about the operations, cost, project and the current conditions have been 
improved. The improvement in communication has developed the mitigation of delays due to 
the changes in the project and the spending.  
Through advance communication, BIM has the potential to develop the advanced 
methodology to carry the changes. That is because ‘’the adopting BIM has connected clients 
and other stakeholders with a platform through which real-time information can be shared, 
and quick decisions can be made that reduces the probability of delays in the projects’’ CL1.          
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Figure 49: Clients View-Communication between clients and other stakeholders 
 
8.8.3. Consultants View of Proposition 4 
In the consultant’s view, 180 references related to how adopting BIM helps to improve 
communication between the clients and other stakeholders. The Figure 50 the tree map below 
gives the most predominant and emerging themes from the consultant’s views.  
The consultants agree that the adoption of BIM has given the opportunity to improve the 
communication between them and clients and contractors. One of the interviewees added that 
‘’the information moves through the central files, and the client is one of the users, so if 
consultant’s changes or put an opinion on the design, all other stakeholders can see the 
changes in real-time’’ CONS2. This type of information exchange was not possible in 
traditional AutoCAD drawings. Earlier the changes on drawings took longer delays for 
approval and then estimating and further approvals from the clients and contractors and 
designers. Now such delays through BIM has been mitigated or reduced. The quick flow of 
standardised and centralised information through advance communication has helped the 
advanced application of knowledge.  
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The advanced communication through BIM is benefiting all parties while reducing the errors 
in estimation, reduced waste, reduced cost and improving the quality of entire construction 
project.  
 
Figure 50: Consultants View-Communication between clients and other stakeholders 
 
8.8.4. Contractors View of Proposition 4 
Total 199 references were found from six interviews of contractors about how using BIM can 
help improving communication between the clients and other stakeholders. The Figure 51 the 
tree map below presents the views of the contractors about the improvement in 
communication through BIM. 
Likewise, clients and consultants, the contractors agree that BIM can improve the 
communication between them. One of the contractors CONT6 said that ‘’if the BIM is well 
applied to the projects it helps to quickly approve changes or quantities to the projects using 
the organised way of transferring the information’’. 
BIM has helped contractors to quickly assess the information changed by the consultants or 
clients or any other stakeholders such as material suppliers. Improvement of communication 
through BIM also helping is the execution of the project, periodic assessments, estimation and 
also for eliminating the errors that might have occurred in the lack of information. 
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However, the contractors concerned that the accuracy of information is a critical issue. ‘’The 
accuracy of information depends on the individual skills. The individuals working on BIM 
may require proper training on communication or share information throughout the project 
lifecycle’’ CONT2. There are many another accumulative effect of the improved 
communication such as periodical estimation and progress payments, the accuracy of 
information, confidence in assessments and improved quality of information and 
communication.  
 
Figure 51: Contractors View-Communication between clients and other stakeholders 
 
8.8.5. Overall View of Proposition 4 
The overall view is collected from all eighteen interviews from the three groups. The text 
search query identifies 530 references from those interviews. Explore diagram in Figure 52, 
and source diagram in Figure 53 presents the coding and its sources. The high number of 
coding suggests that communication and BIM have been discussed several times in all 
interviews. In other words, the respondents have stressed the communication and adopting 
BIM in several instances.  The data analysis in the above sections also suggests that advance 
communication is a prime supportive factor that helps to mitigate the client related delays 
identified in this study.  In some separate views of clients, consultants and contractors there 
is not much difference. The question asked focused on finding whether adopting BIM can 
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improve communication between the client and other stakeholders. All parties agree that 
adopting BIM in construction projects helps to improve communication between all parties 
involved. Specifically, between clients, consultants and contractors.  
 
 
Figure 52: Explore diagram- overall view -Communication between clients and other 
stakeholders 
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Figure 53: Source diagram- overall view -communication between clients and other 
stakeholders 
The emerging themes from this section of analysis are presented in Figure 54 the tree map 
below. It presents that through advance communication, BIM has the potential to develop the 
advanced methodology to carry the changes. BIM has connected clients and other 
stakeholders with a platform through which real-time information can be shared, and quick 
decisions can be made that reduces the probability of delays in the projects. The advanced 
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communication through BIM is benefiting all parties while reducing the errors in estimation, 
reduced waste, reduced cost and improving the quality of the entire construction project. 
There are many several other benefits of the improved communication such as periodical 
estimation and progress payments, the accuracy of information, confidence in assessments 
and improved quality of information and communication. Adopting BIM is benefiting all 
parties involved in a construction process. The main benefits of improved communication are 
the quick exchange of opinions, quick assessments, accurate estimation, quick decision 
making, reduced change or orders, reduced cost overrun and speedy process. 
 
Figure 54: Overall View-Communication between clients and other stakeholders 
 
8.9. Proposition 5: BIM in construction projects improves the visualisation of data and 
construction process that can help to mitigate the delay in progress payments and 
slowness in decision-making by the client. 
8.9.1.  Questions Based on Proposition Five 
1) In your opinion, how does the visualisation of data and construction process actually 
help in reducing delays? 
2) In your opinion, in what ways can BIM help to speed up the decision-making by the 
client?   
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In general view, both questions are interconnected. Through 3D visualisation, simulation, cost 
estimation and project process assessment the BIM help in speeding up the decision-making 
process. The document analysis in Chapter 7 (see section 7.3) reveals that delay in progress 
payment is a common issue that has delayed about 54% of the projects (See Table 22). 
Moreover, the change in order and delay in approving it affects more than 80% of the projects, 
and 16% of projects were affected by the slowness of decision-making process by the clients 
that leads to the delay in project completion and the cost overrun. Having those findings from 
the document analysis led this study to collect qualitative response from both questions given 
above to explore the general view of clients, consultants and contractors. The relationship 
between the nodes are presented in Figure 55 below presents the views of all respondents. 
The relationship presents the questions in which the clients stressed the adoption of BIM and 
how it helps the speeding up the decision making through visualisation. The relationships in 
Figure 55 below also presents that BIM also speeds up the decision-making by improving cost 
estimation, improving communication, reducing error in scheduling and mitigating the delays 
of progress payments through visualisation of costings, quantities, information and accurate 
scheduling. Moreover, the visualisation through BIM helps to reduce errors in scheduling and 
estimation that leads to speed up the decision-making process between all parties involved in 
a construction project.  
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Figure 55: Clients view, the relationship between visualisation and speed up of decision 
making in BIM 
8.9.2. Clients View of Proposition 5 
In the client’s view, the data visualisation helps them to see the 3D model and full details 
about the project; all this will facilitate decision making by the owner. Now, also some 
applications that can be connected to BIM gives virtual reality.  As quoted by CL3 ‘’Those 
applications have mobile access, and the model can show everything inside the items’’. Even, 
in the case of a clash between the parties, the BIM model can be adjusted quickly, and changes 
can be visualised for decision making. For visualisation, ‘’BIM has different output methods 
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such as virtual reality, which is portraits of people and can move and roll in as a client’’ CL5. 
The virtual reality identifies and defines all that, so all parties understand the project from the 
first day. That means there is insufficient room for error and delays in the process because all 
the information is pre-developed and defined with the readiness to use.  
The Figure 56 tree map below gives the emerging themes from the clients view about how 
BIM helps in speed up the decision-making process. Moreover, Figure 57 tree map represents 
how visualisation through BIM helps speeding up the decision-making process. 
 
Figure 56: Clients view of how BIM help to speed up the decision-making 
 
The data presents that BIM is capable of merge the drawing from the designers and create a 
model of the construction project. It also has the capability of building a virtual representation 
of the project. Moreover, it helps to create and develop the cost estimation and quantities 
estimation. The accuracy of cost a quantity estimation makes it clear for engineers and other 
parties such as clients, consultants and contractors to quickly make decisions about cost, 
progress and changes etc.  
Moreover, the visualisation set everything from the beginning that includes work-sharing and 
the intra-sharing. The visualisation of BIM and 5D cost estimation can help to produce an 
accurate cost and the cash flow. ‘’It is essential that the institution or owner know their cash 
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flows every month’’ CL3. The visualisation and cost factors accelerate decision making, 
improve construction process, reduce delays, and enhance control of the project.     
 
Figure 57: Clients view of how BIM help to reduce delays through the visualisation of data 
 
BIM also helps in avoiding construction problems before construction starts, and while 
building and after finishing in the maintenance phase. ‘’Using BIM correctly helps to 
eliminate the variation of quantities’’ CL4. That is because the building a virtual reality before 
building it practically the problems can be solved before construction. ‘’The building it is built 
digitally thus there is no possibility of error at the actual site’’ stated by CL5. In terms of 
decision-making about cost, the client CL6 said ‘’BIM provides us accurate cost because it 
supports 5D which helps to estimate the costs from the beginning of the project accurately’’.  
8.9.3.  Consultants View of Proposition 5 
The consultant’s views in Figure 58 below, gives the relationship between the decision-
making and reduced delay through visualisation. The relationships between the codes presents 
that through visualisation BIM helps to solve the problem of variation order, improves cost 
estimation, improve correction and collaboration between the clients and other stakeholders, 
improve communication and coordination between the clients and other stakeholders, address 
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variation orders issues by the clients and by accelerating the decision-making process of all 
parties. 
Moreover, Figure 59 gives the consultants view about how BIM helps to speed up the decision 
making. Further,  Figure 60 presents the themes that present how visualisation through BIM 
helps to reduce the delays.  
The consultant’s views are similar to clients but in more in-depth in nature, as presented in 
Figure 58 below. The consultants agreed that BIM made everyone on board and 
knowledgeable and made everyone responsible because the decision was taken with their 
consent. ‘’There is no room for denial, while at the same time raising the quality of the people 
involved because communication was a major problem’’ CONS5 and CONS6. Moreover, the 
delay is only a problem that appeared when there is no solution or information as decision-
makers take time to think, ‘’with BIM model you can detect the problem early as the 
information is readily available to visualise’’CONS3. 
The BIM work is on online servers, which allows the owner to browse the details of the project 
through mobiles. Now the site workers send the information on the same day, and consultants 
send information about anything they would need at the site, communication has become 
much more powerful through BIM software that provides the possibility of visualisation and 
reducing the delays. 
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Figure 58: Consultants view, the relationship between visualisation and speed up of 
decision making in BIM 
Having the detailed views of consultants above, the theme emerged from the consultant’s 
view is that the BIM advanced the communication between the parties that has resulted in 
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speeding the decision making of the clients and other parties. The visualisation of activities 
and works through BIM has helped to reduce the number of delays. ‘’The use of BIM from 
the early stage of the project there is very low possibility of errors in scheduling, variations 
in orders and quantities’’ CONS2. That is all possible due to merging the information and 
drawings that could be assessed by the other parties.    
 
Figure 59: Consultants view-BIM help to speed up the decision-making 
 
However, the consultants concerned that the parties involved in the decision-making process 
need to be skilled in accessing the visuals and analysing the information for decision making. 
The supervisors should be capable of making accurate decisions and modifying or adjusting 
the schedule, quantities and estimation of the project and its cash flow. This is confirmed by 
CONS1 ‘’Even if the information is readily available if the individuals are not qualified to 
use the system the delays and errors will remain a problem in any construction project’’. 
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Figure 60: Consultants View-Reduce delays through the visualisation of data 
 
8.9.4.  Contractors View of Proposition 5 
In the contractor’s view, in Figure 61 below presents the relationship between the speeding 
up the decision making and the reducing delays through visualisation. The visual 
representation of data gives that the contractor’s views are very much similar to the clients 
and the consultants. In the contractor’s view, the BIM mainly deals with cost control and cost 
management; it has a big part of activities or users that we made to control the cost estimation. 
‘’If a design is based on the virtual objects matching the actual object, the estimation will be 
better; the owner has a primary estimate close to the fact, so there is no surprise later about 
developing new information in the design or construction details’’ CONT1. If there were good 
study or good cost estimation and the elements and objects well built, the variation of the 
order would be limited.  A design developed in BIM connects all parties to each other. ‘’If the 
design is done on BIM, the parties involved can clearly see it from the beginning’’ CONT5. 
The idea to make a design change becomes less than before. This reduces the errors in the 
cost estimation due to less changes in design.  
The coding relationship in Figure 61 gives the relationship that helps reducing delays through 
visualisation. It is closely related to the improvement of cost estimation, reducing the errors 
in scheduling and improving the communication. Improving those elements leads to the 
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speeding up of the decision-making process by all parties. Moreover, the visualisation in BIM 
helps in the decision making for variation in orders, improving collaboration, addressing the 
problems of variation, reduce error in scheduling and mitigate the delays in progress payments.  
Moreover, Figure 61 to Figure 62 presents the themes from the contractor’s view about the 
speeding up the decision making and reducing delays through visualisation of the data through 
BIM. The contractors CONT2 and CONT4 said that ‘’BIM helps in the process of planning 
of time schedules or the estimation of cost’’. This is because it determines what should be 
implemented accurately in the project, helps in the communication between the parties of the 
project instantly, to communicate with any party of the project and share with him the files, 
and drawings and all documents of the project. 
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Figure 61: Contractors view, the relationship between visualisation and speed up of 
decision making in BIM 
In addition, it helps the quick implementation of variation orders in the project, if a variation 
order is issued for any part of the project is quickly implemented because the parties of project 
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communicate quickly, and such variation is quickly implemented by the use of many 
programs under the platform of BIM. Having all the above provides the opportunity taking 
quick decisions because of visualisation of the problem at the time of its occurrence and the 
communication is made quickly.  
In addition, when a problem appears it provides the indications of the problem.  ‘’Having 
identified the indications helps to take the quick decision in short time’’ CONT6. Therefore, 
BIM is necessary that all competent parties, not just the consulting offices and contractors use 
BIM. A good design in BIM-based on the virtual objects matching the actual object, the 
estimation will be better.  The client could have a primary estimate close to the fact, any new 
information in the design or construction details can be easily analysed against the cost. 
 
Figure 62: Contractors view-BIM help to speed up the decision-making 
 
In Figure 63 tree map, the themes from the contractor’s views are similar to the views of other 
parties. The centralised database which allows to get and share the information quickly. 
Shared environment let stakeholders take fast actions. It means that it does not need paper 
correspondences. It is included in the model, and the edit is done on a certain day. It is easy 
to know its impact on the costs of change. Therefore, fast decisions can be made which was 
not possible earlier while searching and sending papers to suppliers and then waiting for his 
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reply. The visualisation of data in BIM and brings standardised language for all parties so the 
model can be analysed, edited and the fast decision can be made. 
 
 
Figure 63: Contractors Views-Reduce delays through the visualisation of data 
 
8.9.5. Overall View of Proposition 5 
The overall view of how the BIM in construction projects improves the visualisation of data 
and construction process that can help to mitigate the delay in progress payments and slowness 
in decision-making by the client. The main themes presented in the word cloud in Figure 64 
below is the origin of all eighteen interviews from all three groups. A very similar result is 
originated from above discussion on clients and consultants and contractors view. 
In generalisation, the BIM has the capability of speeding up the decision making. The decision 
making in BIM is closely related to variation in orders, improving collaboration, addressing 
the problems of variation, reduce error in scheduling and mitigate the delays in progress 
payments. Through visualisation and virtual representation of real-time data, the clients and 
other stakeholders can access and analyse the data from anywhere. That gives the opportunity 
to think quickly and modify the visual representation. The visualisation of data helps in the 
improvement of cost estimation, reducing the errors in scheduling and improving the 
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communication between the parties. The quick sharing of information and enhanced 
communication advance the opportunity for quick decision-making that leads to reduced 
delays in a construction project. The speed of decision making by the owner is crucial, if the 
contractor has any problem, it must be resolved in a timely manner, which does not cause any 
delay in the schedule, as the speed of decision-making in the contractor's questions or inquiries 
is necessary and important. 
Speed up the decision making Reduce delays through visualisation 
 
 
Figure 64: Overall view of Clients, Consultants and Contractors 
8.10. Proposition 6: BIM in construction projects provides more accurate scheduling that 
can help to mitigate underestimate of time and cost (Optimism Bias) in the public 
construction sector. 
The document analysis in Chapter 7 (see section 7.4) reveals that most of the projects across 
the three case studies were affected by optimism bias. Optimism bias was responsible for 
delays most of the construction projects that have been investigated in the documents analysis 
Chapter. About 54% (see Table 22, in section 7.3) of the construction projects in KSA were 
delayed because of the ineffective planning and scheduling that has ended up with the cost 
overrun and extended duration of the project. The ineffective planning and scheduling was 
the most critical and most obvious factor that reflects the underestimate of time (optimism 
bias). In this section, the findings from the document analysis are further analysed through 
interviews with the (clients, consultants and contractors) to investigate more about the reasons 
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behind the optimism bias in those specific projects discussed in (section 7.4) and the potential 
of using BIM in the construction projects to overcome this issue. 
8.10.1.  Questions Based on Proposition 6 
1) What kind of scenarios or circumstance can lead to a situation where for example the 
client or the contractor underestimates the time taken to complete a project? in another 
meaning (what are the reasons why the client or contractor reduce the time taken to 
complete the project?)  
2) What factor/s can contribute to poor scheduling and poor estimating the time and cost 
associated with construction projects? 
3) How can BIM help to mitigate the possibilities of optimism bias in construction 
projects? 
8.10.2.  Clients View of Proposition 6 
In clients view the human factors is the reason for the optimism bias that results in poor 
estimating and poor scheduling. The clients concerned that if a project had a budget lower 
than which determined by the contractor, it is normal that the contractor uses less skilled 
labour, leading to either reduced quality or increased completion time, for example in 
engineers, technicians, or even administrators. There could be many reasons for optimism 
bias in scheduling and estimation of the projects. Sometimes there is pressure on the 
contractor to complete the project quickly, or that the contractor himself wants to (or believes 
he can) complete the project quickly to move to another project. The causes of optimism bias 
drive the contractor to reduce the time which shall take to complete the project. Even if it is 
clear that reducing or compressing the construction schedule may cause the delay, the client 
may still be asking the contractor to complete the project early, but many contractors would 
be late in completing the projects. 
The clients CL1 and CL5, reveal that ‘’in construction projects in KSA, there is not enough 
consideration given to all project components that may cause cost overrun and delays’’. Also, 
there is the lack of interest in taking out the drawings, specifications and quantities according 
to materials available in the market. Also lack of interest in coordination between all the 
departments, this should lead to multiple conflicts to all departments. Moreover, there is a 
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competition between the companies which operate in the public sector; there are actually 
companies that have completed projects in a very short period and handed it over on time. 
According to their situation, the first thing is its reputation. For example, a company awarded 
a project through competitive bidding, and then they implemented the project on the specified 
time without delay, after this achievement they received two projects by mutual consent 
because they became to have a good reputation. Therefore, completing the project before 
contracted time is the prime motive of the contractors. However, that lead to delays, cost 
overruns, conflicts and breach of contracts. 
The tree map in Figure 65 below gives the main theme about how BIM can help to mitigate 
the optimism bias from the construction projects to reduce the delays and cost overruns. 
 
Figure 65: Clients view of reasons for optimism bias in construction projects 
 
As discussed earlier, the BIM helps to improve the communication and visualisation of the 
projects. Through which any parties involved in the project can easily capture the 
underestimation of cost or duration. In BIM there is very less room for underestimation and 
under-scheduling, as the project has been planned for the design stage which has the input 
from all the parties such as clients, consultants and contractors. 
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In BIM, all the errors related to scheduling and estimating is eliminated at an early stage of 
the work in the virtual environment. The advanced coordination and communication through 
BIM are helping to handle the optimism bias that may lead to the client’s underestimates the 
time taken to complete a project. However, in above discussion, the clients CL2 and CL4 
stated ‘’that underestimation of time is due to the contractors to enhance their 
image/reputation and to move to another project in terms of earning more profits’’. They also 
stated that ‘’sometimes in public sector projects the government officials force contractors to 
complete the project early, so they can prove their credibility and enhance their image in 
public’’. 
8.10.3.  Consultants View of Proposition 6 
The consultant’s views on optimism bias and what are the reason for a client or other parties 
may underestimate the project cost or duration is the lack of skills of individuals, corruption 
and ignorance of details. In consultant’s views presented in tree map in Figure 66 below 
presents that the clients and contractors see time as the money, so they look for reducing cost 
while reducing time at the expense of quality. ‘’Reducing time leads to reducing cost, which 
means if a project to be completed within a year, although it shall take 3 years to complete, 
but some contractors have tendered it, and it was awarded to a contractor who bid for the 
underestimated duration’’ CONS3 and CONS5. Surprisingly, in some events, the projects 
were completed under the unrealistic time. However, at the cost of quality and soaring cost.  
Moreover, the themes in Figure 66 below gives that the private clients want to complete the 
project quickly to get the benefit and return on investment as earliest. ‘’The client is the main 
reason and the contractor may be another reason when both agree on an underestimated 
project’’ CONS1 and CONS2. Consultants also showed that reputation of completing the 
project before time leads the contracts to win more and much larger projects. For example, 
the duration of this project is one and a half years, but it was handed over within a year. Based 
on the completion of this project six months before the specified duration, the contractor could 
be awarded large projects, the opportunity to surprise the client and others reputed him as a 
strong contractor capable of achievement. 
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However, usually, the client is the main reason, even for the design, the project, which shall 
take 6 months to design, ‘’the client says that I want this project within a month and a half, 
which makes force a contractor to complete it within a month and a half’’ CONS2. 
Also, the public-sector contracts normally work on the least amount of investment. The clients 
normally award tenders to the lowest bid. 
The other main reason for optimism bias is ‘’the quality of qualification or skills of individuals 
who schedule the projects’’ CONS6. Scheduling is not put in a correct scientific way many 
companies have personnel who works in traditional ways. Also, there is no realistic and 
systematic study of what is already required for this project and the time it takes. 
The lack of skills of individuals handling construction estimation is another reason for 
optimism bias. Due to poor or inadequate skills, individuals are not capable of using new 
technologies to understand and deliver the project. One of the interviewees quoted that ‘’the 
clients must choose the right contractor for the job, the nature of the works and the nature of 
the project’’ CONS2. A contractor must have substantial experience and good reputation in 
the field of project or project function.   
 
Figure 66: Consultants view- reasons for optimism bias in construction projects 
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8.10.4. Contractors View of Proposition 6 
The tree map in Figure 67 gives the similar representation of the clients and consultants. The 
lack of skills of individuals is the foremost theme that leads to the underestimation of duration 
and the cost of the project. The contractors concerned that ‘’the clients sometimes ask 
contractors to complete the project early due to fear of the delay in completing the project on 
time’’ CONT1 and CONT4. The themes originated from the contractor’s view are not very 
different from the clients and the consultants. The contractors main stressed on how BIM can 
help to reduce the optimism bias. They highlighted that a good assessment of the project 
would lead to the accurate estimation of the time and the cost involved. Contractors also 
agreed on the poor skills of estimators and lack of skill in working on new technologies such 
as BIM in the Saudi construction projects public sector. They also concerned that training and 
working on BIM is a costly investment.  
 
Figure 67: Contractors view- reasons for optimism bias in construction projects 
 
8.10.5. Overall View of Proposition 6 
In an overall view, the scenarios or circumstance that can lead to a situation where the client 
or contractor underestimates the time taken to complete a project or the reasons why the client 
or contractor reduce the time taken to complete the project is presented in the discussion above. 
The tree map in Figure 68 below presents the themes about how BIM can help to mitigate the 
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possibilities of optimism bias in construction projects. However, the factors that contribute to 
poor scheduling and poor estimating the time and cost associated with construction projects 
are commonly related to the clients and the contractors. Those factors are the race for 
reputation and the race for earning more profit. The data reveals that the clients are forcing 
contractors to complete the project in the unrealistic time at the cost of quality. On the other 
side, the contractors are trying to complete the project early so that they can get more projects. 
The main theme emerged in this analysis is the lack of skills of individuals that leads to 
optimism bias.  
Therefore, in conclusion, BIM has the potential to eliminate the optimism bias from the 
construction projects. The improvement in underestimation and inefficient scheduling 
through BIM can help to reduce the errors in a project. However, the lack of skills in using 
BIM and other application is the main problems. Moreover, the traditional ways of working 
with contractors and lower level of investment in skills are the additional problem. 
 
Figure 68: Overall view- reasons for optimism bias in construction projects 
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Chapter 9 Discussion 
9.1.  Introduction 
This Chapter focus on the overall results of this study. The results and the main findings 
related to the ranking of delays and the Propositions of this study is critically discussed in this 
Chapter.  The findings from the literature review, document analysis and interviews analysis 
are revisited for comparative analysis to identify the similarities and differences of results. 
The results from this Chapter are taken to conclude the main findings of this study. 
9.2.  Ranking of Factors of Delay  
As discussed in (Chapter 2 section 2.2.1), a delay in the schedule is often described as a 
scenario whereby there is an overrun of project delivery time, especially in the completion of 
a specified contract beyond an agreed date. This is perceived as a common challenge in all 
construction projects (Assaf and Al-Hejji, 2006). The literature review suggests that delays in 
schedules can lead to loss of income for the utility, raise the cost of the project and extends 
the project duration. Therefore, in this study recognised and evaluated of the most common 
factors which influence delays in a construction project. This study brought forward five types 
of main client related delays in addition to other factors such as weather conditions, and 
changes in government regulations and delayed in funding from the government.  
The factors of the delays listed below are the outcome of the literature review in Chapter 4 as 
demonstrated in Table 9. 
• Rank 1- Inefficient Planning 
• Rank 2- Delay in Progress Payments  
• Rank 3- Change in Order During Construction  
• Rank 4- Slowness in decision making  
• Rank 5- Poor Communication and coordination between construction parties 
The literature review suggests that inefficient planning and scheduling is the most common 
or critical delay factor. The second most critical delay factor is the delay in progress payment 
by the client. The third most critical factor is the change in order during the construction, and 
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fourth is the slowness in decision making, and poor communication was ranked fifth. 
However, the results from the document analysis (in Chapter 7) of MOH, MOE and MOMRA 
case studies the ranking of factors of delays appeared different.   
The rank order of cause of client related delays of all 37 construction projects establishes that 
the ‘change in order’ is the common and foremost cause of delay (see Chapter 7, Table 22). 
In rank 2, ‘Poor communication between the project parties’, rank 3 is ‘ineffective planning 
and scheduling of project’ and rank 4 is the ‘delay in progress payment’ and ‘delay in the 
decision-making process is ranked 5. Finally, the ranking of factors of delay in public sector 
construction projects is validated through the document analysis and further validated through 
interviews analysis in Chapter 8. The interview question was seeking to identify the reasons 
for selecting the foremost and the last factor of delays. It also tends to identify the most critical 
type of delay and its level of difficulty of managing it.  
The results in Chapter 8 presented the different views of clients, consultants and contractors. 
The clients give the first factor of delay is the inefficient planning, the second factor of delay 
is the delay in payments. However, the client’s views for rank three and further does not match 
with the literature review and document analysis. A similar difference in the views of 
consultants and contractors was recorded. Therefore, this study looks into the joint views of 
clients, consultants and contractors to generalise the ranking of the delays. The generalised 
results present that ‘inefficient planning’ is the foremost factor of delay. The second critical 
factor of delays is the progress payment. The third rank shares a common stage between the 
slowness in decision making and poor communication. Finally, change in order is ranked four.  
Table 27: Comparison of factors of delays 
 
Literature review Document Analysis Interviews Analysis 
Rank 1 Insufficient planning and 
scheduling 
Change in Order During 
Construction 
Insufficient planning and 
scheduling 
Rank 2 Delay in Progress 
Payments 
Poor Communication Delay in Progress Payments 
Rank 3 Change in Order During 
Construction 
Insufficient planning and 
scheduling 
Slowness in decision making 
Rank 4 Slowness in decision 
making 
Delay in Progress Payments Poor Communication 
Rank 5 Poor Communication Slowness in decision making Change in Order During 
Construction 
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The Table 27 above presents the difference of opinion of the factors of delays between the 
literature review, document analysis and the interviews analysis. There are different views 
from literature, cross-case analysis and views from the clients, consultants and contractors 
about the ranking of the delay factors. However, the views from the document analysis are 
entirely based on the frequency of delays appeared in 37 projects from three cases of MOH, 
MOE and MOMRA. Those views do not have any measures of the human perception. 
However, the views from the literature review and interviews analysis are based on the human 
perceptions of researchers and the respondents (clients, consultants and contractors) of this 
study. Therefore, to generalise the results, the views on the ranking of delays have been taken 
from the literature review and the interviews analysis.  
In that generalisation, ineffective planning and scheduling is the foremost factor of delay in 
public sector construction projects in the KSA. That contributes to the second most critical 
factor of delay in progress payments. The interviews analysis in Chapter 8, headline 8.4.3, the 
overall view presents that the most prominent themes give that ineffective planning and 
scheduling is the predominant factor. The ineffective planning and scheduling have a close 
relationship with the change of order during the construction and delays in progress payment 
by client. Also, the change in orders delays the planning and estimation of the project. 
However, examining the document analysis (see section 7.3) change order and delay in 
approving it was the predominant factor of the delay that affected more than 80% of the 
construction projects. For that change in order during construction ranked the third factor. The 
change in order leads to the slowness of decision making and slowness of payments by the 
clients. Slowness in decision making ranked four. Finally, the poor communication factor 
supports the ineffective planning and scheduling. Poor communication has emerged as the 
most common factor that leads to all other type of delays. However, poor communication 
between the project parties, inefficient planning and scheduling and delay in progress payment 
has a negative impact on more than 50% of the construction projects. 
9.3. Discussion of the Research Findings 
Proposition1: Using BIM in public sector construction projects would help the analysis and 
management of delays in construction projects.  
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The preliminary study (in Chapter 4) establishes that BIM is considered as a unique paradigm 
for visual interactive modelling and simulation of construction projects (Azhar, 2008, Talebi, 
2014). However, the archival documents from the case study projects show that only two 
projects (in MOMRA) out of 37 projects (in total) were using an advanced form of BIM, i.e. 
3D, and no project has utilised 4D or 5D BIM. This is problematic because interactive visual 
modelling using 3D/4D has shown a great potential to improve workflow efficiency through 
enhanced common understanding (Du et al., 2018). Eastman et al., (2011) said that having 4D 
and 5D BIM can resolve the issue of cost overruns through accurate scheduling and planning 
that improves the understanding the sequencing of construction activities and project duration. 
Across all 37 projects, it was found that 81% experienced problems with change order and 
delays in their approval; 54% of projects suffered from poor communication between project 
parties (Table 22). These issues could have been managed better using cloud-based 
collaboration platforms like Autodesk BIM360 Docs  (Matthews et al., 2015) which has the 
capacity to manage RFIs and Change Orders (Issues). This position is supported by the 
interview data where the contractors (CONT2, CONT3 and CONT4) specifically highlighted 
the missed opportunity to use tools like BIM360 for project monitoring. Such tools are 
becoming ever more important giving the increasing complexity of construction projects, 
where the collaborative environment becomes substantial to ensure efficient communication 
throughout the project lifecycle (Alreshidi et al. 2017). With improved communication 
between the construction parties (Farnsworth et al., 2014) a high level of coordination is 
assured (Lin, 2014, Andrew and David, 2014). 
Up to 54% of the archived projects experienced delays (Table 22) that could have been 
minimised by using 4D BIM, which also helps to improve the design quality and verify 
consistency to the design intent easily, which prevents expensive delays (Eastman et al., 2008, 
2011). The reliance on 2D BIM (which is Level 1 in the BIM maturity model) indicates that 
the projects were not using modern, sophisticated design collaboration tools. Serginson, 
Mokhtar and Kelly (2013) believed that BIM has the potential to bring more accurate 
visualisations of a design to the owner for a better understanding of proposals that helps to 
manage the delays in construction. It is also shown that the adoption of 4D and 5D BIM 
advances the current practice of cost estimation that supports decision-making regarding the 
design (Eastman et al. 2011 and Eadie et al., 2013).  
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Based on the literature review (in Chapter 4), this study established the Proposition that 
adopting BIM can help the analysis and management of delays in construction projects based 
on the generalisation of different views of the respondents. The Proposition was tested 
through the interviews analysis in Chapter 8 headline 8.5.  
In the interviews analysis the clients, consultants and contractors view were analysed, and the 
results were generalised. All three groups have very common views. The clients suggested 
that BIM technology have the capability that could help the analysis and management of 
delays in construction projects. They suggested that delays such as change order can be easily 
handled while improving the communication between the clients, consultants and contractors. 
Moreover, the information through BIM is helping in quick decision making and analysing 
the as-planned vs as-build for progress payments. The consultants see BIM as a commonly 
accepted communication tool for the entire construction project. Moreover, BIM as a tool for 
communication and scheduling and planning can help to mitigate the errors in planning, cost 
estimating and quantities. Also, the consultants stressed on the accuracy of information and 
estimation. The contractors also agreed with the clients and consultants view and saw BIM as 
a platform for instant communication during the project. In addition, BIM improved the 
communication strongly that helps in avoiding delays such as change order or variation orders 
while sharing information. 
All three groups agreed that BIM could help the analysis and management of delays in 
construction projects. However, they also showed that concern that having skilled individuals 
to work on BIM is essential. The lack of knowledge and experience and skill shortage in the 
use of BIM as technology is making it challenging. The estimation must be done by qualified 
people to ensure that the model is accurate. The recent studies such as (Davies, McMeel and 
Wilkinson, 2015, Zhao et al., 2015, Li et al., 2017) also suggested that the information 
resulting from the design and construction process can be transferred for use in the ongoing 
management and operation of the construction project. The BIM project teams need to 
embrace collaboration and work as more integrated units in order to achieve the underpinning 
improvements such as change order, decision making, effective scheduling and planning. 
However, the associated skills that are essential for successful BIM adoption, such as 
communication, conflict management, negotiation, teamwork and leadership are required 
(Davies, McMeel and Wilkinson, 2015). Moreover, Zhao et al., (2015) insist on the Common 
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goals, Communication, Coordination, and Cooperation between the construction parties if the 
adoption of BIM aims to manage and control the project successfully.  
The findings from this study match the recent studies by (Chegu Badrinath, Chang and Hsieh, 
2016, Alreshidi, Mourshed and Rezgui, 2017, Liu, van Nederveen and Hertogh, 2017, Du et 
al., 2018). These studies also suggest that adoption of BIM can improve communication 
within the construction project and between the related parties. Improving communication 
would help in mitigating the aforementioned delays while improving coordination between 
construction parties. The study by Won and Lee, (2016) investigated the applicability of 
success levels of assessment model of BIM. However, Won and Lee, (2016) tested the data 
related to schedule, design errors, change orders, response time, in just two projects that use 
the BIM process. The other study by Liu, van Nederveen and Hertogh, (2017) taken the 
grounded theory and focus group interviews approach to analyse the different concepts that 
influence the communication and collaboration development through BIM. The study 
measured the trust between the parties, individual behaviour, technology and IT capacity. The 
study concluded that these are the factors that influence the flow communication in a 
construction project. 
Proposition 2: Using BIM will help to manage delays while reducing the errors of 
scheduling and estimating the time and cost associated with projects. 
This study used the Schedule Performance Index (SPI) to compare the actual work completed 
with the planned schedule; if the value less than one, this gives an indicator that the project 
delayed. This technique provided by PMI, PMBOK and APM (2017) and used as metrics for 
measuring the variations in duration, as well as overall performance of projects (see Table 
24). The findings reveal that, the average duration variance (increase) calculated for the case 
study projects were: 43% average delay for MOH with a SPI of 0.71; 27% average delay for 
MOE with an SPI of 0.80 - representing a more negative performance of the scheduling than 
observed for MOH; and 23% average delay for MOMRA with a computed SPI value 0.82 – 
which is the worst in performance (Table 24).  
As discussed in the literature review reducing the errors in the scheduling of construction 
activities is a critical task for project managers. A small error in project scheduling can lead 
to a major cause of the delay. As discussed earlier in Chapter 4 section 4.3.1, BIM can help 
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to bring efficiency to the design stages while continuously updating the quantity take-offs and 
cost estimates. Moreover, in Chapter 2, section 2.7, that scheduling, monitoring and 
controlling delays in a construction project through BIM (also see Chapter 3, section 3.6) can 
help to manage earlier quantity take-offs and cost estimation.  The recent study by Malacarne 
et al., (2018) looked into the critical factors of a construction project and its important role in 
scheduling. The study suggests that scheduling is typically based on estimated time plans, 
which often lead to projects delays and cost overruns. However, the study criticised that due 
to the lack of visualising the real design and information before the construction phase starts 
is due to using traditional approaches to manage a large number of factors. Having based on 
this argument from (Malacarne et al., 2018) the traditional ways of working indicates the skills 
of managing delays and skills of using BIM for scheduling and planning the project. Due to 
the lack of skills, earlier Liu, Al-Hussein and Lu, (2015) said, that despite the stated benefits  
relating to BIM, the extended use of BIM has not yet reached its full potential.   
Earlier, the literature by, Assaf et al., (1995), Sweis et al., (2008) and Ramanathan et al., 
(2012), also suggested that delays in construction process raise the cost and time associated 
with a project. The evidence from current studies such as (Franco, Mahdi and Abaza, 2015, 
Liu, Al-Hussein and Lu, 2015, Malacarne et al., 2018) presents that efficient sequencing of 
construction activities in BIM can help to avoid those delays. Moreover, BIM offers the 
functionality of visualising those activities in a virtual project (Malacarne et al., 2018), 
whereas modifying the activities in a virtual project would cost far less against a physical 
project (see Chapter 3, section 3.2 and Chapter 4 section 4.2 for an extended discussion). The 
recent studies by Kim et al., (2013) and Zhang et al., (2013) also suggest that BIM has 
demonstrated the potential to accurately sequencing the construction activities which helps to 
manage the delays caused by the error of scheduling in a construction project. These scholars 
agreed that BIM is changing the way of correction during construction planning and during 
design can be implemented. 
The results from the interviews analysis of this study, all three groups of respondents agree 
that BIM has the potential to reduce the error in scheduling and cost estimation. However, 
they concerned that BIM can only be capable of reducing such errors if the individuals are 
qualified to work on BIM. The interviews analysis also matches with the findings from 
literature review which suggests the use of 4D and 5D BIM for much accuracy. Smith, (2014) 
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suggested that 4D BIM links information and data in the 3D BIM object model with 
scheduling data and project programming. Linking that data enables the simulation analysis 
of construction activities. Having 5D encourage the integration of 4D information with cost 
data such as prices, schedules and quantities. However, even if 4D and 5D BIM is adopted, 
due to the lack of skills, knowledge and irrelevant qualification of individuals; the errors 
would still in the system. For example, (Tulke, Nour and Beucke, 2009) suggested that 
decomposition of BIM activities need advanced skills. The interviews analysis also reveals 
that the project should be properly understood by all parties before planning, scheduling and 
estimating.  
In closing the discussion, even though the other recent studies have adopted different 
approaches to investigate the adoption of 4D and 5D BIM and its management and control 
for scheduling and planning a project, the findings from recent studied, and interviews 
analysis of this study has many similarities. This study reveals that BIM can help to manage 
delays while reducing the errors of scheduling and estimating the time and cost associated 
with projects. However, there are four conditions should be met, 1) adoption of 4D and 5D 
BIM and 2) planning and estimating from the early stage, 3) advanced communication 
between the parties and 4) qualified and experienced individuals to schedule and estimate the 
time and cost associated with the project. 
Proposition 3: BIM in construction projects can help manage delays while advancing the 
current practice of cost estimation and resolving the issues of cost overruns that are linked 
to inaccurate scheduling and planning. 
The case study data revealed a 21% average rise in cost for MOH projects while in MOE the 
average cost increase was 9% and 14% in MOMRA projects. In total for all 37 projects, the 
average additional cost was above 14%. These represent significant cost overruns for the 
client. In terms of the trend in the cost performance index (CPI)- was used to compare the 
value of the work completed with the actual cost spent on the project, if greater than one, there 
have been savings on money spent, if less than one, this gives an indicator that the project 
consumed more money than planned. It has been provided by PMI, PMBOK and APM (2017) 
as metrics for measuring the variations in cost, as well as overall performance of projects, 
discussed in (Section 7.3 Table 23). The CPI which should ideally be below the (reference) 
value of 1.0 in all the projects, the CPI was found to be negative on all projects in the three 
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case studies. The average CPI on MOH projects is 0.84, on MOE projects it is 0.92 while on 
MOMRA the CPI 0.89. This implies that MOE projects have the most negative performance 
(0.92) - because the index (0.92) is the closest to 1.0 -even though these MOE projects still 
performed better (cost wise) than MOH and MOMRA projects.  
Continuing the above discussion, the literature review and document analysis are evident that 
cost is the core element of any construction project and cost overrun is noted as one of the 
most recurrent issues in construction projects. Similarly, the document analysis (in Chapter 
7) of this study reveals that cost overruns have been a critical issue in the public-sector 
construction projects in the KSA. The evidence from different studies such as Subramani, 
Sruthi and Kavitha, (2014) and Smith, (2014) suggests that poor schedule management, slow 
decision making, design/delay in providing design, long period between design and time of 
bidding/tendering and wrong estimation method are the major causes of cost overrun. 
However, the study by (Smith, 2014, Subramani, Sruthi and Kavitha, 2014) was conducted in 
the different environments still there have been several matches between them and other 
studies and this study. A most similar study by Alhomidan, (2013) suggests that delay of 
payments, internal administrative problems, poor communication between construction 
parties, and delays in decision making are the main factors of cost overruns in Saudi Arabia.   
As discussed in the literature (Chapter 4) earlier and above in Proposition 1 and 2, it has been 
suggested that adopting the advanced 4D and 5D BIM can help to accurately estimate and 
control the cost of a construction project. Moreover, the discussion earlier in Chapter 4, 
section 4.3 led to the document analysis (Chapter 7 in section 7.3) that revealed that cost 
overruns are the critical issue that is supported by the number of delays in construction such 
as slow decision making, poor planning and scheduling and change order and delay in 
approving it. The literature by  Couto and Teixeira, (2007) and Ramanathan, et al., (2012) 
suggests that a delay can be avoided through efficient scheduling and planning for a project. 
However, as the interviews analysis and discussion above in section 9.4 suggests that 
improving communication between the clients, contractors and consultants is an essential 
factor that helps to bring accuracy to estimation and reduce the issue of cost overruns. 
It is evident from the document analysis that all 37 public sector construction projects from 
three cases MOH, MOE and MOMRA has the issue of on average of cost and duration overrun 
(see section 7.3, Table 16, Table 17 and Table 18. However, those projects have used 2D and 
  
 
 
203 Discussion 
low level of 3D BIM. Whereas, the interviews analysis suggests the use of 4D and 5D BIM 
for better accuracy in cost and duration estimation. In which, the clients informed that up to 
70% of cost estimation problem could be solved by adopting BIM 4D for duration and 5D for 
cost estimation. Moreover, 4D and 5D BIM would help to reduce the delays in drafting time 
while making the design more focus on client’s demand. Also, BIM makes it easier for 
engineers and design teams to focus on the final product to be without errors in cost and 
duration estimation. BIM also helps to reduce the possibility of change in order that leads to 
the cost overrun. BIM also helps to make a complete simulation of the building with its cost 
that is a foremost benefit for all parties. 
In the overall views of literature, document analysis and interviews analysis adopting 4D and 
5D BIM help to cost estimation and reducing the cost overruns. Through adopting BIM, the 
cost of items, materials and resources can be accurately estimated and improved and 
controlled. However, the accuracy of cost and duration estimation needs detailed information 
about activities and a clear definition of the items. Having 4D and 5D BIM these accuracies 
in a project leads to reducing the traditional ways of estimating, and optimism bias of 
underestimation of the cost and duration of the project. 
Proposition 4: Adopting BIM in construction projects can help to manage delays while 
advancing communication and coordination between client and other stakeholders. 
Literature review suggests that poor communication in a construction project is a critical issue 
(BIS, 2011). Noordeen et al., (2013) and Saini, (2015) suggested that poor communication in 
construction projects consequence in poor design and poor planning that is due to the poor 
exchange of information amid the clients, contractors and consultants. Therefore, Poor 
management of communication caused a delay in construction projects. In other words, as far 
as modern design and construction technologies are concerned, 3D and 4D BIM have been 
shown to be helpful in terms of project coordination but there is a general lack using these 
dimensions of BIM in all 37 projects. In fact, only two projects used 3D BIM, which means 
that the rich data-driven models required with an appropriate level of details are missing. The 
interview data indicated that clients ought to establish the level of detail (LOD) required for 
each stage of the construction project. According to one consultant (CONS1) getting “90% - 
95% of the design to LOD 400 can save so much time and effort on the contractor” because 
it would simplify the communication and coordination challenges. 
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Literature from the recent studies evidence (see section 3.9 and further discussion in section 
4.3.5) that adopting BIM in construction projects has advanced communication between the 
clients, consultants and contractors and sub-contractors. However, (Oh et al., 2015) concerned 
that due to the use of different BIM-based software during the design, a variety of problems 
can occur such as loss of data, non-standardise communication, and poor work efficiency. 
The similarity has been seen in interviews analysis of this study in which different 
organisations uses different software. The results of the irregularities of scheduling and 
planning are evident through the document analysis (in Chapter 7). Whereas, as stated above, 
all 37 projects were affected by cost and duration overruns.  
In combination with discussion in section 9.2 and 9.3 above the literature discussed earlier in 
Chapter 4 from Dowsett and Harty, (2013), Elmualim and Gilder, (2013) and Ibironke et al., 
(2013) evidenced that adoption of BIM has advanced communication in construction projects, 
and that has improved coordination between the construction parties while increasing the flow 
of information. The recent study by, (Chegu Badrinath, Chang and Hsieh, 2016; Du et al., 
2018) reveals that advancing communication through BIM can quicken the construction 
processes and decision-making process. Moreover, the adoption of BIM in construction 
projects has improved the communication and coordination between client and other 
stakeholders that helped in resolving the delays in a construction process. However, the recent 
study by Malacarne et al., (2018) concluded that the team members are the driving factors of 
communication in a construction process. Moreover, as discussed in section 9.4 above the 
poor communication between the parties is the factor of delays in the construction process.      
While comparing the results of the literature review with the interviews analysis on above 
Proposition (see Chapter 8, section 8.5 to 8.7) reveals that BIM as a tool for communication 
has the potential to advance communication in a construction project. The clients suggested 
(see section 8.8.2 of Chapter 8) that, advancement of information about the changes, variation 
orders and quantities are much visible through BIM. Moreover, the personal communication 
about the operations, cost, project and the current conditions have also seen improvement after 
adopting 4D and 5D BIM. The improvement in communication resulted in the mitigation of 
delays that may have occurred due to the changes in the project. In addition, interviews 
analysis reveals that adopting BIM has connected clients and other stakeholders with a 
platform through which real-time information can be shared, and quick decisions can be made 
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that reduces the probability of delays in the projects. Also, through advance communication, 
BIM has the potential to develop the advanced methodology to carry the changes. In 
interviews analysis (see section 8.8), the clients, consultants and contractors, agrees that 
advance communication is a prime supportive factor that helps to mitigate the client related 
delays.  In a separate view of clients, consultants and contractors there is not much difference. 
The question asked focused on finding whether adopting BIM can improve communication 
between the client and other stakeholders. All parties agree that adopting BIM in construction 
projects helps to improve communication between all parties involved. Specifically, between 
clients, consultants and contractors. 
Even the other studies such as (Du et al., 2018; Liu, van Nederveen and Hertogh, 2017; Chegu 
Badrinath, Chang and Hsieh, 2016 and Zhao et al., 2015 ) has the different demographic scope 
of research. Still, all the researchers concluded that BIM does not just help to increase 
construction project efficiency, it also improves the communication and collaboration 
between construction parties. 
Proposition 5: BIM in construction projects improves the visualisation of data and 
construction process that can help to mitigate the delay in progress payments and slowness 
in decision-making by the client. 
Clearly, visualisation of construction related data and processes are among the primary 
benefits of 3D and 4D BIM but where the delays in progress payment suffer due to slowness 
in the client making decisions, then web-based platforms for visualisation of BIM data, e.g. 
Viewpoint 4Projects and Autodesk BIM360 Docs can be helpful. This position was taken by 
contractors (CONT2, CONT3 and CONT4) who suffer the consequences of delayed payment. 
This perspective is supported by recent studies (Gibbs et al., 2013, Haron, 2013, Johansson, 
Roupé and Bosch-Sijtsema, 2015)  who mentioned that BIM could address the complexity 
and challenges involved in visualising large and detailed construction data in real-time. Real-
time in this regard can be achieved through web-based platforms. 
Furthermore, the studies by Arayici et al., (2012) and Hammad, (2012) and Aditi, (2014) were 
concerned that inadequate information about the construction progress and lack of 
communication between the stakeholders has caused the delays in progress payments and 
decision making by clients. The similar views have been seen in the more recent studies by 
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(Du et al., 2018 and Malacarne et al., 2018). In other words, it is not enough to put BIM data 
on real-time collaboration platforms like Autodesk BIM360 Docs – the information contained 
in the BIM models needs to be adequate for the stage of work, and this is where the importance 
of LOD (as implied by CONS1) can be appreciated. 
However, the study also reveals that feeding a different type of data into BIM is challenging. 
That is because the BIM as a tool to support the visualisation need an effective method for the 
capture, collation and linking of data from different data environments (Gerrish et al., 2017). 
Having different sets of data is a barrier facing the implementation of BIM for advancing 
communication between the construction parties. The other scholars, Toor and Ogunlana, 
(2008), Elmualim and Gilder, (2013) and Ibironke et al., (2013) also suggested that visual 
representation of construction through BIM advanced planning and scheduling and cost 
estimation for clients. 
Moreover, Elmualim and Gilder, (2013) suggested that advancement of cost estimation and 
planning and scheduling through adopting BIM has equipped with information readiness and 
advance communication that has provided the opportunity for quicker decision-making and 
release of progress payments. However, Elmualim and Gilder, (2013) concluded that even 
though BIM technologies provide a new paradigm change in the way of the buildings design, 
construction and maintenance. However, the BIM paradigm demands for reconsidering the 
curriculum and programme for educating building specialists, cooperatively. Chegu 
Badrinath, Chang and Hsieh, (2016) and Rahman et al., (2016) also emphasised that while 
there is overlap in the skills possessed between individuals in each position, the way in which 
they use those skillsets may differ (Rahman et al., 2016). Therefore, Chegu Badrinath, Chang 
and Hsieh, (2016) claimed that industry is motivated to employ graduates who are equipped 
with the BIM tools, processes and techniques, which help them to better integrate data and 
visualisations into their construction projects. However, the study also highlighted the lack of 
an individual’s skills to handle BIM, its integration and communication and collaboration 
skills.  
The literature review and interviews analysis in Chapter 8 reveals that through 3D 
visualisation, simulation, cost estimation and project process assessment the BIM is helping 
in speeding up the decision-making process. In the overall view of clients, consultants and 
contractors, adopting 4D and 5D BIM also help to speed up the decision-making by improving 
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cost estimation, improving communication, reducing error in scheduling and mitigating the 
delays of progress payments through visualisation of costings, quantities, information and 
accurate scheduling. Moreover, the data visualisation through BIM also helps to reduce errors 
in scheduling and estimation that leads to speed up the decision-making process between all 
parties involved in a construction project. Furthermore, visualisation of 3D model and 
complete details about the project also facilitate decision making by the owner. Nevertheless, 
the accuracy of cost a quantity estimation makes it clear for engineers and other parties to 
quickly respond to changes. However, BIM can only provide the information which is readily 
available but if the individuals are not qualified to use the system the delays and errors will 
remain a problem in any construction project. 
Moreover, Matthews et al., (2015) suggested that having appropriate access to information on 
the performance of a construction project enables the clients and contractor to advance their 
decision-making to guarantee deliver the project on time. The real-time delivery of 
information supports the management and progress monitoring of the construction. However, 
the study by Gerrish et al., (2017) identifies the need for more real data management in both 
operation and design to support interconnection of these data-rich environments that support 
decision making on issues such as progress payments.  
The analysis of the aforementioned Proposition reveals that the findings from the literature 
review and interviews analysis have several commonalities. The findings reveal that BIM in 
construction projects have the potential of visualisation of data that helps to quicken the 
decision-making process by both the clients and contractors (Hallberg and Tarandi, 2011, 
Johansson, Roupé and Bosch-Sijtsema, 2015, Gerrish et al., 2017). However, the findings also 
reveal that BIM requires standardised information integration systems that could help to 
develop a common data environment (Liu, van Nederveen and Hertogh, 2017, Du et al., 
2018). The use of 4D and 5D BIM could potentially advance the richness of data that lead to 
the accuracy of scheduling and planning (Gledson and Greenwood, 2014, Franco, Mahdi and 
Abaza, 2015, Johansson, Roupé and Bosch-Sijtsema, 2015). Nevertheless, the industry is 
concerned about the lack of skills of graduates about different aspects of BIM (Mcgough, 
Ahmed and Austin, 2013, Chegu Badrinath, Chang and Hsieh, 2016, Rahman et al., 2016). 
One of the reasons for lack of or variation of skills is the variety of BIM software used by the 
industry. 
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Proposition 6: BIM in construction projects provides more accurate scheduling that can 
help to mitigate underestimate of time and cost (Optimism Bias) in the public construction 
sector. 
A literature review has suggested that poor planning and scheduling is a common cause of the 
optimism bias. The recent studies such as (Vass and Gustavsson, 2017, Du et al., 2018, 
Malacarne et al., 2018, Pishdad-Bozorgi et al., 2018) and many other studies discussed above 
suggests that traditional ways of working, poor skills of using BIM, poor communication, 
poor coordination and lack of trust, are some of the many reasons for inefficiency in 
construction project planning and scheduling. These issues develop optimism bias through: 
a) insufficient communication for the decision-making process; and b) the strategic behaviour 
of those involved this process (Flyvbjerg et al., 2003). Optimism bias is the common causes 
of the cost overrun through underestimation of time and overestimation of the cost. The 
literature discussed in Chapter 4 and further document analysis (in Chapter 7) and interviews 
analysis (in Chapter 8) suggests that involvement of BIM in the early stage of the project 
could help to overcome the optimism bias. As discussed above in section 9.2 and 9.3, BIM 
4D and 5D can provide more accurate scheduling and cost estimation. It is also evident from 
the document analysis of cases of MOH, MOE and MOMRA (see document analysis Chapter 
7, section 7.4) that all 37 projects have cost and time overrun. All those projects in KSA have 
the tendency to underestimate a project’s costs and duration.   
Moreover, according to a study conducted by Azhar et al. (2008), the benefits of BIM are to 
exclude unbalanced adjustments, which is up to 40%; accuracy in cost estimation. However, 
in above discussion (in section 9.4) this study reveals ‘’That adoption of 4D and 5D BIM in 
KSA could solve over 90% of the delay problems at the design stage as well as over 70% of 
the cost and time estimation problems in the construction stage’’ CONT1. The study interval 
could be the reason for the difference in both the results. Also, the introduction of BIM 4D 
and 5D would have contributed to the accuracy in cost estimation. Moreover, the document 
analysis in Chapter 7, reveals that all projects were affected by optimism bias meaning that 
cost and schedule performances of all the projects were affected. Although data from these 
case studies do not show any strong correlation between additional cost and additional time, 
a detailed appraisal of the evidence optimism bias in these projects is provided below.  
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The case study of nine hospital projects in the MOH involves hospitals projects with various 
capacities constructed across various locations and regions, with different contract sums, cost 
overruns and periods of delay (given in Table 16). In the case of Project #6 and #7, it is 
observed that although both hospitals are located in Riyadh, each having the same capacity 
(200 beds) and were started in the same month/year (June 2012), they differ quite significantly 
in contract sum, contract period, the length of delay and the additional costs. Specifically, 
Project #6 had a contract sum of SR 222 million, a 36-month contract period, which was 
delayed by 12 months with additional cost of SR 22 million, whereas Project #7 had a contract 
sum of SR 157 million with a 24-month contract period, which was delayed by 18 months at 
an additional cost of SR 105 million. The similarities between these two projects raise some 
questions about the significant differences in their delay period (i.e. a difference of 6 months) 
as well as the additional cost of up to SR 83 million for Project #7. However, given that Project 
#7 had 12 months’ lesser completion time (and neglecting possible differences in construction 
materials) it can be argued that optimism bias was responsible for underestimating this 
project’s cost and duration. However, the data related to the other factors of optimism bias 
were not available. For example, if the same contractors who may have the tendency of 
under/overestimation of the cost and duration of the project; were used for the other similar 
projects.  
Similarly, Projects #3 and #4 are 200-bed hospitals have similar project costs and similar 
contract duration. However, they have different delay period (25 months for Project #3 and 
17 months for Project #4). The cost overruns are also different by a magnitude of SR 60 
million (87% difference). Unlike Project #6 and #7, the significant differences in the cost 
overruns of Project #3 and #4 might be explained by the remote location of Project #4 (i.e. 
Tabuk region, close to the border with Jordan), even though it had a lesser period of delay. 
Other factors that may have played a role in their differences could include lack of skilled 
labour and local contractors or different materials used in construction, or lack of advanced 
(visual) scheduling capabilities through 3D and 4D BIM etc. 
Moreover, Project #1 and Project #2 have the same capacity (100 beds) and were started in 
the same year (2012), they differ significantly in contract sum, contract period, the length of 
delay and the additional costs. However, Project #1 is located in the Eastern Province 
(Abqaiq) while Project #2 is located in Makkah Province. The similarities between these 
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projects (in terms of capacity and start dates) raise questions similar to those mentioned earlier 
about the significant differences in their delay period as well as the additional cost. One factor 
could be location, given that Makkah is a more urban and popular city with global visitors 
(i.e. annual Muslim Hajj) hence, the cost of construction in Project #2 might understandably 
be higher.  Nevertheless, Project #1 had 11 months’ lesser completion time – which is 
significant, and as such, it can still be argued that optimism bias was responsible for 
underestimating its projects cost and duration. It could be that the logistical issues e.g. relating 
to pedestrian and vehicular traffic that is associated with Makkah have contributed. Further 
investigation on this matter has been done in the interviews Chapter in order to explore these 
factors and differences. 
The case study of MOE has fourteen construction projects with various capacities related to 
sizes of classes and the number of pupils. In those fourteen projects, the cost varies between 
the range of 4.2 million to 64.9 million SR  (see Table 17) The document analysis above 
shows that the additional cost varied in the range of 250,000 SR to 2,225,600 SR. Whereas 
the additional duration varied between the range of 1 to 19 months. However, the additional 
cost and additional duration also varied based on the type of project in terms of capacity and 
the location of the project. To determine the possible impact of optimism bias in those 
projects, they needed to be compared in terms of identical capacity (number of classes) and 
the location. As an example, Project #6 and #8 both had 22 classes and located in Riyadh.  
In project #6, the contracted cost of the project was 6,662,592 SR and contracted period of 22 
months. On the contrary, the project #8 has a contracted cost of 8,445,246 SR with the 
contracted duration of 22 months. The contracted duration of both the projects are identical, 
but the estimated cost of #8 is about 1,782,645 higher than #6. That means the scheduling and 
budgeting of project #6 could have an optimism bias and the cost has been underestimated.  
Moreover, duration-wise both #6 and #8 has the contracted duration of 22 months, but both 
projects have seen a rise in additional duration and additional cost. In which #6 have seen 
only 2 months rise in additional duration, but #8 has seen 6 months rise in duration. In project 
#6 there were three types of delays recorded, poor communication between parties, ineffective 
planning and scheduling and delay in approving the amended bill of quantity. On the other 
side, in project #8 only one delay was recorded, delay in approving an amended bill of 
quantities. In this example, the project #8 had high estimated cost in comparison with #6 but 
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suffered from the high additional duration and high additional cost. Both the projects are also 
similar in start and end dates. Therefore, it is questionable that either both projects have the 
optimism bias in scheduling or estimating or some other reasons are behind the differences or 
discrepancies. 
Another example is from the case study of MOMRA, where the capacities of the projects are 
unknown. However, to determine the possibility of optimism bias in scheduling and 
estimating the project’s cost wise and duration wise, those projects that have similar 
contracted cost and within one region are compared against each other. In this regard, the 
three projects #6, #7 and #8 were in the same location (Al-Qassim), and from these three 
projects, #6 and #7 have a similar contracted cost and the contract period. Those both projects 
have experienced an increase in additional cost and additional duration. As calculated in Table 
23 and Table 24 above both projects have faced an additional cost of 10% and rise in duration 
9% for #6 and 13% for #7. 
With the exception of a few projects analysed above, it is hypothesised that location and 
associated consequences like logistics and labour could be one hidden factor behind the 
observed differences. The influence of socio-political factors and perhaps corruption can also 
not be ruled out. The interviews analysis in Chapter 8 presents the overall view of the clients, 
consultants and contractors about the optimism bias. It reveals that the scenarios or 
circumstance which lead to a situation where a client underestimates the time taken to 
complete a project or the reasons why a client reduces the time taken to complete the project. 
It also reveals, how BIM can help to mitigate the possibilities of optimism bias in construction 
projects. The interviews analysis presents that the factors that contribute to poor scheduling 
and poor estimating the time and cost associated with construction projects are commonly 
related to the clients and the contractors. Those factors reputation of contractors and earning 
high profits. The data suggest that the clients force the contractors for completing the project 
within an underestimated time scale. The main theme emerged from the interviews analysis 
is the lack of skills of individuals of estimating and scheduling that leads to optimism bias. 
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Chapter 10 Conclusions and Recommendations 
10.1.  Introduction 
This study started with an aim to investigate the use of BIM in order to mitigate delays in 
KSA construction projects with an emphasis on reducing the cost consequences of delay in 
construction projects and the impact of optimism bias. In order to achieve this aim, Table 28 
below outlined the objectives of the research which have guided the research to achieve the aim 
of the PhD research: 
Table 28: Achievement of Research; Objectives, Outcomes, methods and Chapters 
Objectives Outcomes Methods Chapters 
OB1: To explore the essential 
benefits of BIM (technology and 
process) for the analysis and 
management of delays in public 
sector construction projects of KSA. 
Benefits ➢ Literature  
  
Three 
and Four  Meanings 
Barriers 
Guidance 
OB2: To investigate the main causes 
of delays related to the client in 
public sector construction projects of 
KSA and rank them in order to 
appreciate their impact and to use the 
BIM process to manage them. 
Meanings 
➢ Literature 
➢ Case study  
- Archival 
analysis 
- Interviews 
Tow  
Barriers 
Guidance 
OB3: To identify the cost related 
consequences due to client-related 
delay and how using BIM can help 
avoid such cost overruns. 
BIM can help to 
avoid cost 
overruns 
➢ Case study  
- Archival 
analysis 
- Interviews 
Seven, 
Eight and 
Nine 
OB4: To develop recommendations 
to key stakeholders on using BIM to 
mitigate delays factors related to the 
clients in KSA construction projects 
public sector. 
Recommendations 
to key 
stakeholders on 
using BIM to 
mitigate delays. 
➢ Case study  
- Archival 
analysis 
- Interviews 
Ten 
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Based on the above objectives, six Propositions established see (Chapter 6.3) led to a critical 
discussion on BIM adoption in public sector construction and provided new knowledge on 
analysing the measurable benefits of BIM against the associated causes of delays. 
Nevertheless, these Propositions also helped to analyse BIM’s potential for advancing 
communication in construction projects, information flow and coordination between the 
clients and other stakeholders. These Propositions are addressed with a view that BIM has the 
potential to manage the unnecessary delays caused by the traditional methods of managing 
construction projects. A qualitative analysis is adopted to investigate how BIM would help 
the analysis and management of the delays in the construction projects. The study concludes 
with the ranking of client related delays and how BIM can help in mitigating those delays. 
10.2.  Conclusions 
Through this study, all the objectives above have been satisfied, and the following conclusions 
are drawn from this study. 
10.2.1.  Ranking of Factors of Delay  
• As discussed earlier in section 9.2, the type of delays was ranked below.  
o Rank 1- Insufficient Planning and Scheduling 
o Rank 2- Delay in Progress Payments 
o Rank 3- Change in Order During Construction 
o Rank 4- Slowness in decision making 
o Rank 5- Poor Communication and coordination between construction parties 
 
• The preliminary study found that insufficient planning and scheduling is the most critical 
factor of delay that needs managing in a construction project. The interviews analysis also 
ranked the insufficient planning and scheduling a most critical factor. However, the 
archive analysis established that the change in order is the most critical factor. However, 
it is arguable that the change of order in construction projects can happen if there are 
insufficient planning and scheduling at the first stage. The ineffective planning and 
scheduling have a close relationship with the change of order during the construction and 
delays in progress payment by client. Moreover, poor communication supports the 
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ineffectiveness of planning and scheduling. In a generalisation of results from the 
preliminary study and views from the clients, consultants and contractors (interviews data), 
the poor communication as a most critical factor to manage the construction projects. In 
general views, poor communication has emerged as the most common factor that leads to 
all other type of delays. Solving the problem of poor communication through BIM will 
lead to speeding up the decision-making process. However, change in order by the client 
sometimes has the priority, but only if there is good coordination between the parties, 
there would be no variations in the order of slow decisions. 
 
• Moreover, a direct relationship between the planning, communication & coordination and 
decision making is found. These three factors are related to each other such as the slowness 
in decision-making will lead to the delay in payment of contractor's dues. 
 
• The change in order leads to the slowness of decision making and slowness of payments 
by the clients. It also presents that the poor planning may cause conflicts in agreement and 
delays the timeframe. The delay in project timeframe may lead to the soaring cost and 
financial problems. If there is good coordination between the construction parties, there 
would be less changes of variations in the orders and consequently delay in payments. 
 
• Among the key findings that emerged, the lack of knowledge, qualification and experience 
in BIM by individuals managing projects was found to be an important factor of 
construction delay in KSA. The use of such unqualified professionals (as well as the 
compromised quality of work) further aggravate the five types of delays identified in this 
study. Moreover, lack of qualification, knowledge or capability of the individuals 
inevitably leads to poor communication, which in turn is the primary cause of inadequate 
planning and scheduling. These eventually slow the decision-making process for 
variations in design or change orders. It is suggested that the clients should ensure that the 
contracted organisations or individuals have the capability to deliver the project efficiently. 
10.2.2. The Research Key Findings  
Using BIM in public sector construction projects would help the analysis and 
management of delays in construction projects. 
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• The archival analysis reveals that even though the 37 construction projects 
used 2D and 3D BIM, there was still a number of delays and cost overrun. The 
data analysis indicates that adopting 2D and 3D BIM in construction projects 
is not sufficient to mitigate the delays in construction projects.  
• The interviews analysis reveals that BIM can help in analysing and managing 
the delays while restricting the traditional way of manual calculations for costs 
and duration estimation. Adopting BIM in the construction can help to create 
an initial model before proceeding with the actual project. BIM model helps to 
estimate the exact time and cost accurately. 
• The interviews reveal that BIM has enhanced the communication between the 
parties and the cloud-based BIM has much more potential than the standalone 
application that helps to mitigate the traditional methods of communication. In 
addition, using cloud-based on real-time collaboration platforms like (e.g. 
Autodesk BIM360 Docs) which has the capacity to manage RFIs and Change 
Orders (Issues). 
Using BIM will help to manage delays while reducing the errors of scheduling and 
estimating the time and cost associated with projects. 
• It is evident through literature review and interviews analysis that 4D and 5D 
BIM has the capability to help to manage the delays associated with the errors 
of scheduling and estimating the time and cost of projects originated by 
traditional ways of scheduling and estimating. 
• The archive analysis reveals that the SPI was below the ideal (reference) value 
of 1.0 in all the projects. That means the schedule performance was negative 
on all projects for the three case studies. However, the archival analysis also 
reveals that 2D and 3D BIM as used in the case study projects do not have the 
capability for effective project planning. The 37 construction projects that 
adopted 2D and 3D BIM experienced poor performance in terms of inaccurate 
cost estimation, as well as delays in project and payments. Therefore, the 
efficient handling of the project needs 4D and 5D BIM.  
• Expert opinions suggest that the use of 4D and 5D BIM would contribute to 
the efficient scheduling and estimation of the construction project from the 
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beginning i.e. design stage. Adopting 4D and 5D BIM would also advance the 
potential to decrease the errors of estimating the quantities and the cost of the 
project. 
• The errors in scheduling and estimating are due to the personal errors that are 
applied to the cost estimation and quantity estimation. The lack of skills of 
individuals on working BIM and other applications is causing the problems 
and errors in the schedule that leads to the delay in the project. 
BIM in construction projects can help manage delays while advancing the current 
practice of cost estimation and resolving the issues of cost overruns that are linked 
to inaccurate scheduling and planning. 
• The literature review reveals that BIM plays an important role in cost 
estimating and reducing the cost overrun while eliminating the traditional way 
of estimating costs during the design period or even during the implementation 
period that was dependent on the manual calculations. 
• However, this study confronts a variety of views about the maturity levels of 
BIM. The archive analysis reveals that the adopting of 2D and 3D BIM 
maturity levels does not offer enough efficiency in terms of managing the 
delays and cost overrun in construction projects.  
• The archive analysis also reveals that on average there is a 14% rise in the cost 
of the projects. However, some projects have seen the cost overrun up to 67%. 
Moreover, the CPI was below the ideal (reference) value of 1.0 in all the 
projects. That means the cost performance was negative on all projects in the 
three case studies. 
• Adopting BIM for cost estimation, not even only benefits the clients but all 
parties in a construction project. However, the clients are concerned that a 
good flow of information and communication is essential for 4D and 5D 
planning through BIM. The cost estimation could not be accurate until the 
items or material are clearly defined at the design stage of the project. 
• The adoption of 4D and 5D BIM could solve over 90% of the project's 
problems at the design stage. 
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Adopting BIM in construction projects can help to manage delays while advancing 
communication and coordination between client and other stakeholders. 
• Literature review reveals that adopting BIM in a construction project can help 
to improve communication between all parties involved. The improved 
communication supports quick decision making by clients about the change in 
orders, progress payments and scheduling of projects.  
• The archival analysis indicates that about 54% of the projects were delayed 
due to the poor communication that leads to insufficient planning and 
scheduling.  
• The advanced communication through BIM is benefiting all parties while 
reducing delays that would occur due to the errors in estimation and errors in 
scheduling. The interviews data analysis reveal that all parties agree that 
adopting BIM in construction projects helps to improve communication 
between all parties involved. Specifically, between clients, consultants and 
contractors. 
• Improved communication through BIM helps to quicken the periodical 
estimation and progress payments. However, the interviews data also reveal 
that even though the adoption of 4D and 5D BIM has improved the 
communication within the construction project, to mitigate the delays and cost 
overrun in construction still required a better communication strategy that 
supports the mitigation of delays.  
• The decision making and mitigation of delays relies upon the accuracy of 
information, confidence in assessments and improved quality of information 
and communication. 
• The main benefits of improved communication are the quick exchange of 
opinions, quick assessments, accurate estimation, quick decision making, 
reduced change or orders, reduced cost overrun and speedy process. 
BIM in construction projects improves visualisation of data and construction 
process that can help to mitigate the delay in progress payments and slowness in 
decision-making by the client. 
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• Literature review suggests that adopting 4D and 5D BIM can help to speed up 
the decision-making by improving cost estimation, improving communication, 
reducing error in scheduling and mitigating the delays of progress payments 
through visualisation of costings, quantities, information and accurate 
scheduling. 
• The archival data analysis highlights that delay in progress payment affected 
about 54% of the 37 projects. Moreover, the change in order and delay in 
approving it impacted on 81% of projects. 
• The visualisation through BIM could help to reduce errors in scheduling and 
estimation that leads to speed up the decision-making process between all 
parties involved in a construction project.   
BIM in construction projects provides more accurate scheduling that can help to 
mitigate underestimate of time and cost (Optimism Bias) in the public construction 
sector. 
• Interviews data reveals that using BIM 4D and 5D have the capability to 
visualise the errors related to scheduling and estimating are eliminated at an 
early stage of the work in the virtual environment. 
• As evident through archival data analysis, all 37 projects have the issue of cost 
overrun range between 1% to 67% and duration overrun range between 8% to 
70%. 
• The study also reveals that BIM has the potential to eliminate optimism bias 
(which leads to underestimating of the cost or duration of the project) due to 
the accuracy of estimated quantities, advanced coordination of building 
systems and the visualisation of complex construction activities. 
• The interviews data reveals that the adoption of 4D and 5D BIM could solve 
over 70% of the cost and duration estimation problems in a construction stage. 
• The advanced coordination and communication through BIM can help to 
mitigate the issue of the optimism bias that may lead to the underestimating of 
the cost and duration of the project. 
• The interviews data reveals that the main reasons for underestimation of the 
project cost or duration are; the clients are forcing contractors to complete the 
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project in the unrealistic time at the cost of quality. On the other side, the 
contractors are racing for reputation and for earning more profit. Moreover, 
the lack of skills of individuals, quality of qualified individuals, corruption and 
ignorance of details were found as other factors causing optimism bias in the 
construction projects. 
10.2.3. Recommendations for the clients in the KSA public sector 
• The clients in the public sector are highly recommended to adopt 4D and 5D 
BIM which can help in reducing the delays due to the change order and 
variation orders while improving the communication between all parties. BIM 
can also help to estimate the cost and quantities after changing the order by the 
clients. Moreover, the information through BIM is helping in quick decision-
making and analysing the as-planned vs as-build for progress payments to the 
contractors.  
• The clients ought to establish the level of detail (LOD) required for each stage 
of construction project. Using such LOD 400 during the design stage can save 
more time and effort on the clients and contractors. Because it would simplify 
communication and coordination challenges. 
• It is necessary that the individuals working in public sector using 4D and 5D 
BIM be qualified and have appropriate skills of using BIM as a tool of 
communication for planning and scheduling, analysing the change orders and 
for cost estimation process. The individuals involved in decision-making 
should have skills and experience in accessing the visuals and analysing the 
information for quick and accurate decision-making and modifying or 
adjusting the schedule, quantities and estimation of the project and its cash 
flow. 
• The clients and other stakeholders should connect with a collaboration 
platform like (e.g. Autodesk BIM360 Docs) through which real-time (cloud-
based) information can be shared, and quick decisions can be made that 
reduces the probability of delays in the projects.  
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• The clients and all other parties must clearly study the projects before planning 
and scheduling. Lack of knowledge about the project contributes to poor 
planning and estimation of the quantity and the cost and duration of the project. 
10.3. Original Contributions of this Research   
There are several major contributions of this research, some of them are for: policymakers 
and decision making; public sector clients; the construction sector; delay management 
education and research; as well as project management practitioners. Moreover, this study 
also contributes to academia that would help in modifying and redesigning the curriculum for 
construction education and BIM.  
10.3.1.  Contribution to Literature  
1) This study brings fresh literature of BIM in the construction sector and establishes the 
foremost and related delay factors and reasons for non-performance of construction 
while implementing BIM in construction projects in the KSA.  
2) Also, this study significantly contributes to the literature delay management, 
communication and skill management within the construction projects. It also brings 
a novel understanding of critical delay factors and the relationship between those 
factors. Furthermore, this research establishes the ranking of those delay factors that 
brings the potential for identifying the most critical delay factor require managing in 
a construction project.  
3) This study fills the gap in the literature of delays in construction projects while 
developing a new literature of factors of client related delays, optimism bias in projects 
and establish how adopting BIM 4D and 5D can help to mitigate those delays and the 
effects of optimism bias in construction projects.  
4) Documents analysis and interviews analysis also reveal new findings on BIM 
applications in construction projects to improve the planning and scheduling, 
advancing decision making, improving communication and mitigating optimism bias. 
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10.3.2.  Contribution to Academia   
1) This study would contribute to raising substantive awareness in terms of use of BIM 
4D and 5D while exploring cross-disciplinary context into mitigating or managing the 
delays in a construction project. 
2) This research will be contributing to improving the communication process in the 
context of its contribution to a construction project while enhancing the skills of 
individuals who work on the project. 
3) This research can further contribute to the curriculum development while rethinking 
the strategic personal development areas for graduates while modifying the learning 
outcome of the individuals to ensure that the graduates are fit for the industrial demand 
of skills of working on BIM applications. 
10.3.3.  Contribution for Policy Makers 
1) In the public-sector construction of KSA, it could contribute to remodelling existing 
policies about adopting 4D and 5D BIM, that can facilitate project efficiency and 
collaboration and coordination between the clients, consultants and contractors that 
ensure the reduction of optimism bias, cost and duration while bringing efficiency to 
project planning and scheduling. 
2) Nevertheless, not just in the construction sector, this study may penetrate BIM and 
construction project management communities to rethink the importance of BIM. 
3) This study may also influence other closely related industries in which BIM can be 
utilised as a project management tool for efficient planning and scheduling and 
managing delays. 
10.4. Limitations of this Research 
There are following limitations associated with this study.  
1) The study is restricted to the KSA public sector construction projects, and it cannot be 
generalised universally until more research is conducted in other countries and regions 
throughout the world. 
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2) The document analysis scopes within the boundaries of public sector projects of MOH, 
MOE and MOMRA. The further scope can be widening into more industries while 
comparing the cross-case analysis of the type of delays and its ranking.   
3) In the qualitative study, the question belonging to a ranking of client related delays 
factors are also restricted to the clients, consultants and contractors. There is the 
further scope of employing a wider population and testing their perception of public 
and private sector construction projects. 
4) Employing experts who have knowledge and understanding of implementing BIM 
into the public-sector construction projects is also limited to the clients, consultants 
and contractor’s views which can be widened while employing the BIM developers 
and other users. 
10.5. Emerging Fields and Scope for Future Research   
There are several emerging fields from this research that a researcher can pursue while 
adopting this study as a starting point. Skills shortage, lack of skills, traditional ways of 
working, client related delay factors and communication through BIM are some perspective 
research fields emerged from this study. 
1) A similar study in private sector construction projects might highlight a different set 
of critical factors of client related delays and different perception of clients, 
consultants and contractors. Therefore, it is important to extend this study to a different 
type of sectors while adopting the findings of this study as a starting point. 
2) In terms of individual skills of working on BIM application, this study can be taken as 
a starting point to construct a solid ground for further research about the type of skills 
and training should be provided to existing employees and graduates. 
3) A study that investigates the capability of BIM in mitigating the traditional ways of 
working of clients, consultants and contractors or other stakeholders would be 
beneficial to understand how BIM can further help to advance the communication and 
further mitigate the different type of delays in a construction project. 
4) A further analysis of skills shortage its relationship with optimism bias in construction 
projects that lead to soaring cost and extended duration of the project could also the 
conducted while taking this study as a starting point. 
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5) This study can also be taken as a starting point to investigate the new ways of 
advancing communication and flow of information that leads to quick decision making 
in construction projects.    
10.6. Proposal for Future Research 
Based on this research it can be suggested that automation of decision-making (which can be 
free from bias and human errors) can be introduced into the construction scheduling process, 
particularly with the use of big data and machine learning as discussed in (Section 3.11). The 
following are some steps that can be used to implement a machine learning approach to 
analysing historical projects for the purpose of developing a more reliable construction 
schedule. These steps below are also explained graphically in (Figure 69) below. 
STEP 1: Collect design and construction data (3D, 4D and 5D BIM) from a sufficient number 
of historical projects of the same type (e.g. all hospitals) 
STEP 2: Use big data analytics and machine learning (ML) to discover patterns and hidden 
relationships between the construction cost and duration (schedule) – based on size/capacity, 
site location, construction materials, and topology (geometry) – to train the data. The 
algorithms used for ML can identify optimism bias or illogical cost/time among the historical 
projects; 
STEP 3: Feed the data (model) for the proposed project (e.g. new hospital) and use the 
previously trained (ML) data as a benchmark for analysing a new (hospital) project to generate 
a ‘predicted schedule’ for the new project. 
STEP 4: The predicted schedule can then be subjected to the effects of new dynamic variables 
e.g. weather forecast or inflation (from web-based API databases), to develop an improved 
and ‘live’ schedule that reflects reality (e.g. using BIM360 Plan). This can help project 
planners and contractors to have an up to date schedule that is reliable and resilient. 
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Figure 69:Live and dynamic schedule generated from big data and machine learning 
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Appendices 
Appendix A: Semi-structured Interviews Questions 
1. Could you tell me about the years of experience you have in the construction sector? 
2. Could you kindly tell me your current job title? 
3. What is the technology and software do you use in your organisation to manage 
construction scheduling and delays in projects? 
4. This study identifies main five factors that cause delays in construction projects related to 
the clients.   
A. Ineffective Planning and Scheduling of Construction Projects 
B. Delay in Progress Payment by Client 
C. Changes During Construction by Clients 
D. Slowness in Decision-making by Client 
E. Poor Communication and Coordination between client and other Construction Parties 
5. From your experience, how would you rank these five delay factors in order of difficulty 
or more impact on the completion of the project? 
6. Why did you select the first delay factors as the most challenging or most difficult one? 
and Why is the last factor the least most challenging? 
7. Regardless of how difficult or challenging, which of them is most critical to be managed 
for project success and why? 
8. Do any of the above factors have direct or indirect inter-relationship amongst them? If yes, 
please explain.  
9. Are there other factors related to the client that caused delays in construction projects 
other than the factors mentioned above? If yes, please explain. 
10. What kind of scenarios or circumstance can lead to a situation where for example a client 
underestimates the time taken to complete a project? in another meaning (what are the 
reasons why the client reduces the time taken to complete the project?) 
11. From your experience, why would a contractor still be awarded a project even if it is clear 
that they have underestimated the time taken to complete the project?  
12. In your view, if client clearly underestimated construction project’s duration, should that 
still be regarded as a delay factor and why?  
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13. What factor/s can contribute to poor scheduling and poor estimating the time and cost 
associated with construction projects?   
14. How BIM can help mitigating the possibilities of optimism bias in construction projects? 
15. In your opinion, how will using BIM can help to reduce the errors in scheduling and 
estimating in construction projects? 
16. In your view, how can adopting BIM improve cost estimation and reduce cost overruns 
that are linked to inaccurate scheduling and planning? 
17. In your opinion, how can BIM process or technology help to mitigate the delay in progress 
payments by the client? 
18. In your opinion, how can BIM assist in handling change orders in the construction phase 
by the client? 
19. In your opinion, in what ways can BIM help to speed up the decision-making by the client?  
20. In your opinion, how does the visualisation of data and construction process actually help 
in reducing delays?  
21. In your opinion, how can BIM help improve communication between clients and other 
stakeholders? 
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